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“The brain stores sets of motor 
instructions, allowing [some] 
tasks to be executed without 








am 
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Most of the Earth’s volume is cofitained i vy 
the mantle, a rocky layer 2,970 kilometres 
(1,845 miles) thick, sandwiched betweer 
the planet’s core and crust. Despit 
temperatures approaching 4,300 degrees 
Celsius (7,772 degrees Fahrenheit) near the 
core, most of the mantle is solid due to the 


Bug Nebula 

The hottest star in the 
Milky Way is at the centre 
of the Bug Nebula 3,500 
light years away. Its surface 
temperature is 35 times 
hotter than the Sun’s. 






i Caffau’s star 
Astar witha very strange 
composition (full name 
SDSS J102915+172927) at 
the edge of our galaxy is 
suspected to be more 
than 13 billion years old. 
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Outer core - 
The liquid outer core 
OTe: lerelt Lg 

Pera ye ely 
bulla n heey ole.) 
Trl Cla ae) 
iron and nickel. 


huge pressure it is under. Earthquakes areas 
an important source of information about 


what lies beneath our feet. By studying 
how seismological waves spread through 
the planet, geologists can deduce its 
structure. Certain waves, for example, 
can’t travel through liquids, leading 
scientists to conclude that the planet’s 
outer core is liquid. 





2. You can’t see a 
laser beam in space 


A laser is a highly focused beam of light. So 


focused, in fact, that none of its photons deviate 
from their path and enter your eyes, unless they 


are reflected by particles of dust. In the 
almost-perfect vacuum of space there is no 
matter so lasers are invisible, despite what 
many a science-fiction film might suggest. 


3. Babies have 
around 100 
more bones 
than adults 


Babies have about 300 bones at 
birth, with cartilage between 
many of them. This extra 


flexibility helps them pass e ey are covered in chemoreceptors - tiny organs 
through the birth canal and which allow them to taste something just by 
also allows for rapid growth. — standing on it. This anatomical quirk enables a 


With age, many of the 
bones fuse, leaving 
206 bones that make 
up anaverage 

adult skeleton. 
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Crust * 

Between 5 and 40km 
CET Roem a 
feta ROR og 
layer of the Earth. 


Uys) T=) marta) ad Rey tm lal a2) 
Weta R cele a RLM 9) om Meet 
700km (435mi) of the — 2,970km (1,845mi) 
mantle is liquid enough _ thick, is kept solid 
to flow slowly. Loans (oe esol e 


4. The Eiffel Tower 
can be 15cm taller 
during the summer 


When a substance is heated up, its particles move 
more and it takes up a larger volume - this is known 
as thermal expansion. Conversely, a drop in 
temperature causes it to contract again. The mercury 
level inside a thermometer, for example, rises and 
falls as the mercury’s volume changes with the 
ambient temperature. This effect is most dramatic 
in gases but occurs in liquids and solids such as 
iron too. For this reason large structures such as 
bridges are built with expansion joints which 
allow them some leeway to expand and 
contract without causing any damage. 


5. Butterflies taste 
with their feet 


Butterflies’ hind feet, technically known as tarsi, 













, female butterfly to pick a leaf suitable for her 
caterpillars to eat before she lays her eggs. More 
generally, once it has spotted a tasty-looking 
flower, a butterfly can sample the goods quickly 

» before settling down to feed. 


Bang 
4 jaxies 
The most distant stars are 
over 13 billion light years 
away, in galaxies that 
formed shortly after 
the Big Bang. 
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planet's oxygen 
photosynthesis” 





aT 
the Amazon rainforest 


Our atmosphere is made up of roughly 78 per cent nitrogen and 21 per 
cent oxygen, with various other gases present in small amounts. The 
vast majority of living organisms on Earth need oxygen to survive, 
converting it into carbon dioxide (CO,) as they breathe. 

Thankfully, plants continually replenish our planet's oxygen levels 
through photosynthesis. During this process, CO, and water are 





“Plants Earenuany repeat our 
evels throug 


13. Water is the only 


substance on Earth 
found naturally as a 
solid, liquid and gas 


At any one time, over 98 per cent of 

our planet’s water is liquid, with ice 

making up a little under two per cent, 

and only a tiny fraction existing as 

vapour. Water is made of hydrogen and 

oxygen atoms, bound together as H,O Heat 












+ a molecules. Changing from one state of released Heat 
converted into energy, releasing oxygen as a by-product. Covering 5.5" matter to another doesn't involve any absorbed 
million-squaré.kilometres (2.1 million square miles), the Amazon . chemical changes but is a case of 

5 fp - . adding or removing energy as heat E 7 
rainforest cycles a significant proportion of the Earth's oxygen, or pressure, affecting the — ‘vaporation 
absorbing large quantities of CO, at the same time. behaviour of the H,O. In ~ The easiest way to turn 

. liquid water, molecules water into gas is to 
‘a move freely. Cool it down ee ra eee 
and, as they lose energy, Which.causes Its 
10. Dynamite may Panto Srp melas speedup. 
. until the point where they Heat 
contain nuts form a rigid structure: ice. lea 
. — released 
Solid ---- a 
Dynamite’s explosive ingredient is nitroglycerin, absorbed In ice, the HO 
onto clay particles for stability. Nitroglycerin is made with molecules have very 
i 1, which bi t ted fi ts. Thi id little energy and lock Heat 
glycerol, which can be extracted from peanuts. This said, into a rigid lattice. dbsorbed 


there are other ways of producing nitroglycerin as well. 


11. The brain does 
not feel pain 


We feel pain thanks to nociceptors - sensory 

receptors which send signals to the spinal cord 
and brain, alerting us to danger and enabling us 
to react. Nociceptors are found throughout the 





NM eyelet mei 
neutron star would 
body, particularly just under the skin, but they weigh 2 bi l l ion ice) a] 


When you have a headache, it isn’t actually your Aneutron star is the remnants 

brain that’s suffering but the tissues around it ofa massive star that has run 

which include muscles, sinuses and the - 

membranes that protect the organ. ea ER NCO EU Tc 
explodes in a supernova while 
its core collapses in on itself 
due to gravity, forming a 
super-dense neutron star. 
Astronomers measure the 
mind-bogglingly large masses 
Oiiceroeich sete 
masses, with one solar mass 
equal to the Sun’s mass (that 
is, 2x10” kilograms/4.4 x 10” 
pounds). Typical neutron stars 
soYaNiek-BntelocKo) AU On Conant ect-Ece) <b 
masses, which is crammed 
into asphere witha radius of 
approximately ten kilometres 
(See rebCcts) Rem cried Lan et-wbenseyuelcke) a 
the densest matter in the 
erty nem trea oesoe 


on tie) 

Neutrinos produced by 
superfluid in the inner core 
escape, allowing the star 
to cool as it loses energy. 
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> Gas 
Water vapour molecules 
possess lots of energy, 


Self-defence © Attracting mates © Keeping cool 


Answer: 

Strangely, despite their sharp, large and impressive 
appearance, the Stegosaurus's plates were merely 
used for regulating internal body temperature. The 
plates contained blood vessels and acted like 
radiators, releasing excess body heat when needed. 





15. Your blood vessels would 


circle the world two and a 
half times if laid end to end 


bouncing off one another and 
increasing the gas’s volume. 


Condensation 
Cooling water vapour 
down releases energy, 
allowing the water 
molecules to slow down 
and form a liquid. 


Blood vessels are hollow tubes that carry 
blood around your body, delivering vital 
oxygen, nutrients and water. Arteries 
carry oxygen-rich blood away from the 
heart, minute capillaries deliver it to the 


times wider than the smallest 
capillaries, where red blood cells (which 
carry the oxygen) have to line up in 
single file to squeeze through. These red 
blood cells are unusual in that they have 


Heat 
released 


Liquid 

Asa liquid, H,0 
molecules move 
freely, occupying a 
defined volume. 


no nucleus, meaning they can dedicate 
even more space to transporting oxygen. 


tissues, while veins transport the 
deoxygenated blood and waste back to 
the heart for replenishing in the lungs. 
The biggest vessel - the aorta - is 3,000 












Tunica media - 
In arteries, this strong 
layer of muscle helps. 
to pump blood along. 


Tunica adventitia 
The external wall contains 
nerves and tiny blood 
vessels to supply blood 
to the vessel tissues. 









~+ Elastic tissue / 

Elastic tissue smooths out 

the large fluctuations in { 
’ 
‘ 











‘Blood 
Red blood cells, white 
blood cells and platelets 
are the key components of 
blood, floating in plasma. 


Outer crust 

The rigid crust is made 
up of a lattice of iron 
nuclei, which are bathed 
aR ete tcelae 


blood pressure created 
by each heartbeat. 









‘++ Tunica intima 
The innermost layer of the 
vessel is made of collagen 

and smooth muscle, allowing 

eas merg ly blood to flow unhindered. 

The crushing pressure 

forces protons and 

electrons together, 
forming neutrons which 
leak out of the nuclei. 


16. Chalk is 
made of trillions 
of microscopic 
plankton fossils 


Tiny single-celled algae called coccolithophores 
have lived in Earth’s oceans for 200 million years. 
Unlike any other marine plant, they surround 
themselves with minuscule plates of calcite 
(coccoliths). Just under 100 million years ago, 
conditions were just right for coccolithophores to 
accumulate in a thick layer coating ocean floors 
in a white ooze. As further sediment built up on 
top, the pressure compressed the coccoliths to 
form rock, creating chalk deposits such as the 
white cliffs of Dover. Coccolithophores are just 
one of many prehistoric species that have been 
immortalised in fossil form, but how do we know 


Outer core 

Little is known about the 
neutron star's core, but 
it is thought neutrons 
here form a superfluid 
-astrange frictionless 
tle mula 


Over the coming hundreds of 

Ta eae lem aS RCT 
continue to get progressively 
brighter and hotter. In just over: 
2 billiomyears, temperatures will 
be high enough to evaporate our 
Oceans, making life on Earth 


iar g 
ae eae 
density peaks at around 
4x10" grams/cm?. 





impossible. Our planet will 

bel -Tofe) aT 1me (la eT) 
Mars today. As it expands into a 
red giant in the following few 
billion years, scientists predict 
bast] mtn eSIOLM Mile] cule ela 
Earth altogether, spelling the 
definite end for our planet. 


how old they are? Over time, rock forms in 
horizontal layers, leaving older rocks at the 
bottom and younger rocks near the top. By 
studying the type of rock in which a fossil is 
found palaeontologists can roughly guess its age. 
Carbon dating estimates a fossil’s age more 
precisely, based on the rate of decay of 
radioactive elements such as carbon-14. 
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“Tectonic plates are in constant 


ropelled by currents in 


's upper mantle” 


26. Hawaii moves 7.5cm 
closer to Alaska every year 


The Earth's crust is split into gigantic 


pieces called tectonic plates. These 
plates are in constant motion, 
propelled by currents in the Earth’s 
upper mantle. Hot, less-dense rock 
rises before cooling and sinking, 
giving rise to circular convection 
currents which act like giant 


4. Building a chain 

This process has repeated itself 
over millions of years, creating 
the chain of over 20 volcanoes 
which make up Hawaii. 





conveyor belts, slowly shifting the 
tectonic plates above them. Hawaii 
sits in the middle of the Pacific Plate, 
which is slowly drifting north-west 
towards the North American Plate, 
back to Alaska. The plates’ pace is 
comparable to the speed at which 
our fingernails grow. 


“+ 3, Tectonic movement 
As the Pacific Plate moves 
north, the volcano drifts off 
the hot spot and becomes 
dormant with a new 

» volcano taking its place. 











2. Island birth 

<i Where the hot rock 
bursts through the 

ocean floor, it cools 

and solidifies, forming 

a volcanic island. 





1. Hot spot - --- 
The Hawaiian archipelago sits 
on top of a ‘hot spot’ where a 
plume of superheated rock 
rises through the Earth's crust. 


27. If you took out all the 
ny aay Cem ell mee 
Mali meee em iim a| 
PSM) Rel me Biller] mel | ole) 


The atoms that make up the world around us seem solid, but are in fact over 
99.99999 per cent empty space. An atom consists of a tiny, dense nucleus 
surrounded by a cloud of electrons, spread over a proportionately vast area. 
This is because as well as being particles, electrons act like waves. Electrons 
can only exist where the crests and troughs of these waves add up correctly. 
And instead of existing in one point, each electron’s location is spread over a 
range of probabilities - an orbital. They thus occupy a huge amount of space. 


Electron 

[lee oleae 
confined to one precise 
release acc lul-g 


Tie [TE 

The protons and 
neutrons in the atom’s 
occupies a cloud nucleus account for 
of probabilities - 99.9 per cent of 
ie an orbital. } UE Ee 


, 
© ...- Energy level 
An electron’s energy 
dictates its possible 
locations, with only a 
certain number of 
electrons co-existing 
Egle on 





28. The Sun’s 
TCA ae 
last for ever 


The Sun is fuelled by hydrogen, 
fusing 620 million tons of hydrogen 
nuclei into helium each second. This 
reaction produces solar radiation, 
Nal eamuleRehdelcie cine ce-e le lnia-lare} 
LiT-y-] em oO Naot nie] eRe URE} 
NTTUamar1el slate OLAV Late (Mat a 
can pass through matter. In fact, at 
this very second billions of neutrinos 
are passing through your body. The 
Sun is about 4.5 billion years old 
and, after comparing it to similar 
stars in our galaxy, astrophysicists 
ic-tol ela e- Tel] Malia NAA Kel Te a} 
its hydrogen burning stage. That 
leaves us another 5 billion years 
before its fuel begins to run low. 


Stellar cloud 

This dense cloud of gas 
contracts under gravity, 
giving birth to a new star. 


Protostar 
eee 
enough, its temperature 
reaches 10 million 
Kelvin, allowing the star 
to fuse hydrogen. 


Main-sequence star 
TERS lm Re mM 4} 
continue to burn hydrogen 
until their supplies run out. 


29. Three- 
quarters of 
the universe 
is hydrogen 








Hydrogen: 74% 
§ Helium: 25% 
Heavier elements: 1% 
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A female blue whale is the largest and heaviest animal ever 
k recorded on Earth. It’s probably bigger than any land animal 
9 that ever walked the planet too, including the dinosaurs. 


Red supergiant .- seeeeeeee Seem yt +1-1g1(e)'/-] 
Stars much bigger than our Ar Eventually the star 
Sun become red supergiants, explodes in a supernova, 
burning carbon to form f spreading heavier 
oxygen, neon, silicon, y elements and leaving 
sulphur and, finally, irot Mieka me Rule col} 

star or a black hole. 





ad ) 31. Lizards can 
* walk on water 


Malcom Lai 
@ Having exhausted Fringes of skin on the outer edges of the 
their fuel, stars like Central/South American basilisk lizard’s hind 
Cen nce) 41 rp 4 
sees: Are mt apaneyaelras toes increase the feet’s surface area, making 
beginning Peer iie this impressive trick possible. The lizard slaps 
cool down graduall ' : ‘ 
ee enn ee pen seed its feet down as it runs, creating an upward 
heavier elements produced ) force and trapping bubbles of air. Its feet also 
Bi push sideways, helping it to stay upright. 


to generate new stars. 


. 
32. The universe 
ds in all 
ene eip ate te] directs : a 1 
EMR melee) irec ions our y 
recom Real] cy Our universe is growing continually, with the 
its outer material, space between objects expanding just like an 
forming a nebula. inflated balloon. This fact wasn’t discovered until 
the 1920s, when Edwin Hubble observed that 
distant galaxies are rushing away from us. Not 
Red giant only that, but the farther a galaxy is from us, the 
With no hydrogen left to faster it moves away. This groundbreaking 
*burn, the star begins to fuse observation also implied that the whole universe 
helium instead, causing it to must once have been contained in a single point, 
heat up and expand. giving rise to the Big Bang theory. According to 
this model, the cosmos was born 13.7 billion 
years ago, with all its energy compressed into 
one incredibly hot and dense point which has 
been expanding and cooling ever since. 
30. The surface area of the lungs Even more surprisingly, the universe’s 
a < am expansion is accelerating. The reason behind the 
Is eq u iva lent to a ten n Is cou rt universe's swelling has been dubbed ‘dark 
energy’, but very little is known about this 
mysterious force which is thought to occupy a 
-- + Trachea staggering 70 per cent of the universe. 


The windpipe carries air 
from your nose and mouth 


down to your lungs. 33. At light speed it 
Aveoi would take 2.5 million 


Each bronchiole ends ina 


cluster of tiny air sacs where years to reach our 
gas exenende takes ase! galactic neighbour 


Andromeda is one of our galaxy’s closest 
neighbours, but popping over to borrow some 
sugar would be quite a trek. By measuring the 
apparent brightness of its stars, astronomers 
have estimated that Andromeda is 2.4 x 10" 
kilometres (1.5 x 10 miles) away. To avoid 
drowning in zeros, scientists prefer to measure 
such distances in light years. As its name 
suggests, a light year is the distance travelled by 





The lungs facilitate gas exchange between the 
air we breathe and our blood, allowing oxygen 
to enter the body and carbon dioxide to leave. 
This exchange takes place inside 700 million 
alveoli, tiny hollow air sacs wrapped inan 
intricate network of blood vessels. The 
membrane across which the gases pass is 
about two micrometres (0.00008 inches) 
thick, 50 times thinner than a sheet of 
paper and its total surface area adds up 
to 70 square metres (750 square feet). 











Bronchioles - -- 
As the bronchi branch out, 
they form bronchioles, of 





which there are about Bronchi . Capillaries light in one year - in other words, a whopping 

30,000 in each lung. The bronchi connect A network of blood vessels surrounds 9.5 trillion kilometres (about six trillion miles) - 
both left and right the alveoli, transporting oxygen and making Andromeda 2.5 million light years away. 
lungs to the trachea. carbon dioxide in and out of the body. 
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“Tt wasn't until 2.4 million years ago 
that the Homo genus appeared” 





35. Early humans 
date back up to 
Mite ley 


It’s difficult to define the point when our ancestors 
became ‘human’, but one important milestone 4 
occurred when the human lineage diverged 
from that of our closest living relatives: 
chimpanzees. The last ancestor we shared 
with chimps lived about 7 million years ago - 
a relatively short time ago in the 2 billion odd 
years since life first appeared on Earth. Since 
then there have been 15-20 different species of early 
hominid. Another key chapter in human evolution was 

the beginnings of bipedalism - the ability to walk on two 
feet. Australopithecus was the first genus to accomplish 
this feat around 4 million years ago in eastern Africa. It 
wasn’t until 2.4 million years ago that the Homo genus 
appeared. Their distinguishing feature was a bigger 

brain and they were the first of our ancestors to use stone 
tools. Homo sapiens are only about 200,000 years old, 
emerging in Africa before migrating across the globe. 


36. Gravity is only 
3% weaker 100km 
above the Earth 


According to the laws of gravity, any two objects with mass 
attract each other. For this effect to be noticeable, one of the 
objects needs to have a considerable mass; at roughly 6 x 10% 
kilograms (1.3 x 10” pounds), our planet fits the bill nicely. 
Gravity decreases the farther you are from Earth’s centre, 
but given that standing on its surface you are already 6,370 
kilometres (3,960 miles) away from the core, a100-kilometre 
(62-mile) increase makes a relatively small difference. Air 
pressure, on the other hand, is caused by the sheer weight of 
_ theair molecules above you. Standing at sea level, the air 
eee aknic: a Slik 4 aati? above you causes a pressure equ iva lent to about 1,000 

Soil through its. roots. kilograms (2,205 pounds). Luckily this pressure pushes on us 

inall directions. Water weighs about 800 times more than 





a well-developed root — 
VCS oa rls 

VTC Te 18k ; ; ‘i 
distributed effectively. air, so exerts a far greater pressure; in fact, at just ten metres 


(33 feet) underwater, the pressure would be double. 








2 
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41. Nerve impulses 
can travel as fast 
as 200mph 


Electrical signals are the body’s principal means of 
communication, controlling everything from your 
heartbeat to pain. The nervous system is a network of 
millions of neurons - tiny messenger cells which 

transmit information using electrical signals called 

nerve impulses. By controlling the flow of ions, each 
neuron can build up an electrical charge and transmit it 
down its axon, a long branch which passes the impulse on 
to the next neuron. The speed of nervous impulses varies but 
the fastest signals are carried within motor neurons. These 
relay messages from the brain telling muscles to contract. 


42. The difference 
between tides can 
be as great as 17m 


The extreme tides in eastern Canada’s Bay of 
Fundy are caused by tidal resonance. All over 
the globe, high tides occur every 12 and a half 
hours. The Bay of Fundy is peculiar in that it 
takes 13 hours for seawater to slosh into the 
mouth of the bay, to its head and then back out 
to sea, roughly matching the rhythm of the 
tides. As each tide rises, it therefore amplifies 
the water’s sloshing motion - just like someone 
giving a child on a swing a small push at just the 
right moment. These two bulges result in two 
high tides, which sweep around the globe at 


intervals of 12 and a half hours. 


43. Energy is 
neither created 
nor destroyed 


Knownas the law of conservation of energy, 
this principle is key to understanding our 
entire universe. Energy can’t be created or 
destroyed, but it can change form. Think about 
a moving car, for example. Chemical energy 
contained in the fuel is converted into 
mechanical energy by the motor. This propels 
the car forward, transforming into kinetic 
energy. Step on the brake and this energy is 
converted into heat and sound. Energy 
sometimes seems to disappear, but this usually 
means itis being stored as potential energy, 
like a stretched spring. Although energy is 
never destroyed, it can be ‘lost’ when converted 
into unwanted forms, eg a traditional light bulb 
expends lots of energy as heat rather than light. 
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45. Sound moves 
faster in water than air 


Sound isa vibration. It travelsasa Air 

compression (or longitudinal) At room temperature, 
wave when particles (molecules or sound travels through air 
atoms) collide with one another, at 344m (1,129ft)/sec. 
passing on the vibration. Sound Lower the thermostat and 
therefore can’t cross a vacuum but _ the drop in air density 
needs a medium to pass through, slows it down significantly. 
and its speed is determined by 

the properties of that medium. In Water 

general, sound travels fastest ina Sound travels at 1,500m 
solid, then a liquid and slowest in (4,921ft)/sec through 

a gas. Inside a solid, particles are water, as it’s a much 
packed tightly together, meaning denser medium than air. 
vibrations are passed on easily. In 

aliquid particles are more spaced Steel 

out, making it harder for vibrations The rigid structure of steel 
to be transmitted from one allows sound waves to 
particle to the next, but they can travel at a swift 6,000m 
travel faster than when passing (19,685ft)/sec - 17 times 
through a gaseous medium like air. faster than through air. 


46. The Great Barrier Reef is 
the biggest living structure 


Stretching from the north-east 
coast of Australia, the Great 
Barrier Reef is the world’s 
largest coral reef system. The 
2,600-kilometre (1,616-mile)- 
long structure is made of 
millions of tiny living animals 
coral polyps - whose hard 
calcium carbonate exoskeletons 
feN oN nM cota ee) ge (el ee cme LC 
all coral reefs, the Great Barrier 
Reef provides an incredible 
range of marine habitats. As 
well as 400 species of coral 
Eel nM Cie) tle aor 
supports thousands of other 
animals and plants including 
over 1,500 fish species. 
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pressures needed to initiate nuclear 
fusion” 


& “Their goal is to create the intense 


Fantastic 
science 
machines 


We explore the super-smart 
scientific instruments that are 
helping researchers make big 
breakthroughs day in, day out 
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« The world’s 
biggest laser 


At California's National Ignition Facility (NIF), 192 
lasers are poised and ready to unleash four 
million joules of energy on their target: a 
pea-sized pellet of frozen hydrogen. Making up 
the world’s highest energy laser system, their 
goal is to create the intense pressures needed to 
initiate nuclear fusion - the reaction that powers 
the Sun. On Earth, fusion could one day provide 
an almost limitless source of carbon-free energy. 

To spark a fusion reaction, hydrogen isotopes 
deuterium and tritium must be forced together. 
This means mimicking the temperatures and 
pressures at the Sun’s core. NIF’s ultraviolet laser 
beams travel through a system of amplifiers 
1,500 metres (4,920 feet) long, ramping up their 
energy by a factor of a quadrillion. The beams 
are focused on the tiny gold casing surrounding 
the fuel pellet. The hot metal releases a pulse of 
X-rays, which in turn compress the fuel, sending 
its temperature soaring to 100 million degrees 
Celsius (180 million degrees Fahrenheit) while 
the pressure skyrockets to 100 billion times that 
of Earth's atmosphere. As the deuterium and 
tritium are forced together they fuse, releasing 
the energy locked away in their atomic nuclei. 

Currently, powering NIF’s lasers takes up far 
more energy than the fusion reaction they 
produce releases. NIF’s goal is to break even - a 
milestone known as ignition - which will pave 
the way for the first commercial reactors, 


y =] | 















Patient : 
Unlike X-ray imaging, MRI 
gives off non-ionising 
radiation only, making it 
harmless for patients. 


Computer 

Ina different room, 
a computer pieces 
together the data 
recorded by the 
scanner to build up 
2D or 3D images. 


SS 





Hubble’s successor 


Due to launch in 2018, the James Webb Space 
Telescope (JWST) will pick up where Hubble left off 
in its investigation of our universe’s origins. Its 
6.5-metre (21-foot) mirror will collect the faint 
infrared light emitted by stars and galaxies, imaging 
and measuring its spectrum with four specialised 


A number-crunching 
computing colossus > 


Filling a basketball court-sized room at the US Oak 
Ridge National Laboratory, Tennessee, the Titan 
supercomputer is taking scientific research to the 
next level. Titan can perform 17.59 thousand trillion 
calculations per second, enabling scientists to 
simulate complex processes in incredible detail, from 
our planet's atmosphere to nuclear reactions. Titan 
owes its awesome computing power to a combination 
of traditional central processing units (CPUs) and 
graphics processing units (GPUs). Originally developed 
for videogaming, GPUs are capable of running 
hundreds of calculations in parallel, dramatically 
increasing processing power while limiting energy 
consumption. Although Titan recently lost its title of 
world’s fastest supercomputer to China’s Tianhe-2, 


Transceiver 

(not shown) 

A transceiver sends and 
receives radio signals, 
identifying the different 
types of tissue that 
they encounter. 





Gradient coils 
These coils alter the main 
magnetic field across 
different axes to select a 
precise area to image. 


Main magnetic coil 
Electricity running through 
a wire coil produces an 
intense magnetic field at 
the heart of the scanner. 
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red end of the spectrum. JWST’s infrared-sensitive 
instruments will grant astronomers a glimpse back 
in time, allowing them to study the evolution of 
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many argue Titan’s higher degree of specialisation 
makes it a more useful tool for scientists. Earlier this 
year, the supercomputer got to work on six flagship 
research projects, whose aims include increasing the 
efficiency of biofuels and working out how we can 
best mitigate climate change. 


Revealing our 
bodies’ secrets 


With roughly 20,000 scanners worldwide, magnetic 
resonance imaging (MRI) has revolutionised 
medicine. Under the MRI's intense magnetic field, 
hydrogen atoms inside the patient act like tiny 
magnets, lining up to match the field. By measuring 
how these nuclei respond to radio waves, the 
scanner can determine what type of tissue they 
belong to and map the patient's body. This enables 
doctors to diagnose anything from brain tumours to 
torn ligaments. MRI scans of the future will take 
things to the next level. Using more powerful 
magnetic fields, the latest scanners produce much 
higher-resolution images. Other research focuses 
on developing contrast agents - substances which 
allow particular structures to appear more clearly. 
By increasing the speed at which a scanner takes 
snapshots, we can produce 3D ‘movies’ to record 
real-time brain activity or drug metabolism. 
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“After three years’ worth of particle 
collisions, CERN finally confirmed 
the existence of the Higgs boson” 








Fontastic science machines 





CERN's Large Hadron Collider (LHC) is the largest 
research instrument ever built and one of the most 
sophisticated pieces of machinery in the history of 
science. Accelerating protons and ions to almost the 
speed of light around a 27-kilometre (16.8-mile) ring, 
it smashes these particles together to probe the 
structure of our universe. As well as the accelerator 
itself, each of the LHC’s four main particle detectors is 
a feat of engineering. The largest - ATLAS (detailed 
below) - weighs 7,000 tons, packing in six specialised 
subdetectors fine-tuned to track the showers of 
minuscule particles produced by proton collisions at 
its heart. The huge amount of data generated by 
LHC’s detectors is then processed by the Grid - a 
global network of over 200,000 computers. 

After three years’ worth of particle collisions, 
CERN's physicists finally confirmed the existence of 
the famous Higgs boson, and the LHC shut down in 


(ofa arses Muon Solenoid 
(CMS) also helped search-for the 
Higgs boson and dark matter 





Hunting for the Higgs 


Find out how ATLAS tracked down what 
was once the world’s most elusive particle 


Magnet system 
Gigantic coils produce 
a magnetic field inside 
the detector, bending 
the paths of particles. 


Find out more about 
the inner workings of 
the LHC with this 
amazing pop-up book 
released to tie in with 
a special exhibition at 
the Science Museum. 
How It Works readers 
can get 25 per cent off 
the £24.99 RRP by 
ordering a copy on 
01273 488005 and 
quoting the code: 
R4335. This offer ends 
on 30 April 2014 - 
don’t miss out! 





Inner detector. 





of charged particles. 
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Highly sensitive devices made 
of silicon map the trajectories 


« Rebooting the LHC 


early-2013 for a well-earned break. But it’s not over 
yet; engineers are giving the atom smasher an 
upgrade, allowing it to almost double the energy of its 
collisions when it starts up again in 2015. Higher- 
energy collisions will boost the LHC’s chances of 
pinning down some of the rarest particles in 
existence. For example, physicists hope to spot dark 
matter, the inscrutable substance they believe makes 
up a quarter of our universe’s mass. The rebooted LHC 
will also go on the prowl for supersymmetric particles, 
whose existence would validate supersymmetry, the 
leading theory for what happens beyond the realms of 
our current understanding of physics. According to 
this model, each particle we know is paired up with an 
as-yet-undiscovered ‘superpartner’. None of these 
mysterious particles showed their faces during the 
LHC’s first run, but the physics community will be hot 
on their heels when the search resumes in 2015. 


Muon spectrometer 
Only muons travel to the 
outer reaches of ATLAS, 
where the spectrometer 
tracks their paths. 


Calorimeters 

The electromagnetic and hadronic 
calorimeters gather further data 
on the energy of particles and 
how far they travel. 





Beam pipe 
The LHC accelerates 
protons, which speed 
around in opposite 
directions before colliding 
inside particle detectors. 


Interaction point 

Only about one collision in a billion 
produces a Higgs boson, which 
rapidly decays into lighter 
particles that radiate outwards. 
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Pricey short circuit Hubble’s fuzzy pictures 
Just days after starting up in When Hubble first launched, a 
2008, a short circuit at the flawed mirror meant it could 
Large Hadron Collider caused not focus properly. Thankfully, 
damage estimated at £30 a corrective system was 
million ($50 million). It was added and our view of the 
closed for over a year. ‘cosmos was revolutionised. 


Abandoned accelerator 
In 1991, construction began on 
the Superconducting Super 
Collider - which would dwarf 
the LHC. However, two years 
later the project was aborted 
due to lack of funding. 


Speeding neutrinos 


Challenger disaster 
One of the most tragic 
‘scientific failures took place in 
1986, when space shuttle 


In 2011, physicists using the 
OPERA detector in Italy were 
led to believe that neutrinos 


were travelling faster than Challenger broke apart 
light. But it was later confirmed minutes after launch, killing 
asa faulty connection. its seven crew members. 


The D-Wave quantum computer is up to 3,600 times faster than commercial computers 





IceCube: a new era of astronomy 


In an underground lair worthy of a Bond villain, the 
IceCube neutrino detector sits beneath 1,500 metres 
(4,920 feet) of Antarctic ice. At this depth, the 
crushing pressure has squeezed any air bubbles out of 
the ice and no light shines through. This makes it the 
ideal hunting ground for high-energy neutrinos - 
cosmic messengers produced in violent cosmic 
events. With no charge and almost no mass, these 
ghostly particles travel through space unhindered, 
carrying information about the cosmos. To intercept 
neutrinos, scientists buried thousands of detectors, 
keeping watch over a cubic kilometre (0.24 cubic 
miles) of ice. When a neutrino passes through and 
interacts weakly with the ice, it produces other 
particles which can be spotted by IceCube’s 
photomultiplier tubes. After two years of searching, 
IceCube recently spotted 28 high-energy neutrinos. 
This discovery confirms scientists’ hopes that 
neutrinos can be studied on Earth. By tracing their 
origins, they hope to learn about gamma-ray bursts, 
black holes and other events millions or even billions 
of light years away. 


Glass pressure sphere 
Each of IceCube’s 5,160 detectors - digital optical 
modules (DOMs) - is protected from the surrounding 
pressure by a transparent, basketball-sized sphere. 


Photomultiplier tube 
When a neutrino interacts with ice, it makes charged 
particles that emit faint light, detected by the PMT. 


Mainboard electronics 
Signals from the PMT are converted to digital data that 
can be recorded and analysed at the surface. 


Cable penetrator 
The sensor is connected to the outside world by this 
cable, via which it receives power and transmits data. 
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‘The IceCube neutrino 
etector is located at the 
South Pole in Antarctica 





IceCube lab 
Data from the detector’s optical modules is combined 
in the surface lab and sent by satellite to be processed. 


Strings 
The optical modules sit 1,450-2,450m (4,757-8,038ft) 
under the surface, spaced out along 86 vertical strings. 


IceTop 
An array of detectors on the surface records showers 
of particles generated by cosmic rays. 


DeepCore 
More densely spaced, specialised optical modules 
make up DeepCore, a subdetector which is designed 
to pick up lower-energy neutrinos. 








©SPL; Thinkstock; CERN; NASA; Lawrence Livermore National Laboratory; Oakridge National Laboratory/NVIDIA; Ben Tibbets/IceCube 
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Dr Brian Cox 
MUN spey etre erate 
TOCA eb eeectonl Coma el 
astrophysicist has madea 
name for himself with his 
articulate, fun and 
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aboutspace. He cites many 
of Hawking’s teachings and 
theoriesin his work and the 
TOD EN reels ccekeyay 
numerous occasions. 
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English mathematical 
physicist Roger Penrose 
worked extensively with 
Hawking in the Eighties and 
Nineties, specifically on 
space-time, which led to 
their co-publication of The 
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Colm sIprlocrcresnlaNinde 
intherealms of general 
relativity and cosmology 
employ veral of 
Hawking’s theories. 


1942 


Bornon8 January in Oxford, 
England, exactly300 years after 
the death of esteemed 
astrophysicist Galileo Galilei. 


On 8 January 1942 Stephen 
William Hawking was born 
in Oxford, England, but 
~ moved to London with his 
family after World War II. His mother was 
one of the first women to study at Oxford 
University in the Thirties, while his father 
wasan important medical researcher. 
Like many other respected physicists 
-notably Albert Einstein - Hawking did 
not particularly excel when he wasat 
school. Despite being clearly bright he 
was frequently one of the underachievers 
inhis class, preferring instead to focus his 
pursuits outside the classroom on his 
own personal projects. 
Throughout his life Hawking’s 
research has been dominated by 


1959 


Hawking goes to University College, Oxford, 
where his father studied. As mathematics is not 
taughtat the College, hestudies physics, despite 
his father’s wish for him to domedicine. 


Stephen Hawking 


Pioneering theories across both phy 
is one of the most acclaimed astrophysicists of all time 


cosmology, specifically the universe and 
black holes, although his arrival at this 
subject was not direct. He had originally 
wished to study mathematics but instead 
enrolled in Physics at Oxford University 
asa mathematics course was not 
available, and later undertooka PhDin 
Cosmology at Cambridge University, 
despite (by his own account) spending 
little more than an hour a day on his 
studies. In his early-twenties Hawking 
was diagnosed with amyotrophic lateral 
sclerosis (ALS), the disease that would 
confine him toa wheelchair and severely 
restrict his movement in later life, to the 
point that today he can move only his 
eyes and one cheek. However, his 
condition has failed to quell his research, 


ee 


1963 


Heads to 
Cambridge to 
study foraPhDin 
Cosmology. The 
same year, heis 





sics and astronomy, Hawking 





and his importance within the scientific 
community is still readily apparent. 
After finishing his PhD at Cambridge 
Hawking began working ona theory with 
friend and colleague Roger Penrose to 
investigate the supposed appearance of 
singularities in space-time based on 
Albert Einstein’s theory of general 
relativity. This led to Hawking’s assertion 
that immediately after the Big Bang the 
universe was full of tiny black holes. In 
1974 he proposed that black holes eject 
information and material as a form of 
radiation, known today as Bekenstein- 
Hawking Radiation, Jacob Bekenstein 
beingan Israeli theoretical physicist with 
whom Hawking collaborated on the 
theory. Soon after he began conducting 


1970 


Proves for the first 
time that black 
holesareableto 
emitradiation. 





1962 


Achievesa first-class honours 
degreein Natural Science. 


1965 


Marries Jane Wilde, with 
whom he has three children. 


diagnosed with 
amyotrophic 
lateral sclerosis. 
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Peeples alte else onan) 
zero-gravity flight aboarda 
Boeing 727in 





lectures at Caltech, in Pasadena, 
California, and Gonville and Caius College 
in Cambridge, England. 

By this point Hawking had had three 
children with his now ex-wife, Jane 
Wilde, whom he married in 1965. Robert 
Hawking was born in 1968, followed by 
Lucy (1969) and Timothy (1979). In 1985 
Hawking was diagnosed with 
pneumonia and, followinga tracheotomy 
operation, he completely lost his speech, 
and soon after he lost the ability to care 
for himself, requiring 24-hour nursing. A 
Californian computer programmer, David 
Mason, heard of Hawking’s plight and 
presented him witha speaking program 
that could be controlled by head or eye 
movements alone, enabling Hawking to 
select words ona screen to piece together 
sentences, paragraphs or even entire 
lectures. Indeed, Hawking continues to 
write books, publish papers and give 
lectures. His book A Brief History Of Time, 
(1988) shot to the top of bestsellers’ lists 
worldwide and stayed there for many 
years, with 25 million copies sold around 
the globe to date. Hawking released more 


1975 


Publishes his first book, 


The Large Scale Structure 1979 


“The zero-g part was wonderful 


ond the hi 


er-g 


art was no 


problem... Space, here I come!” 


accessible books in 2001 and 2005: The 
Universe In A Nutshell And A Briefer History 
Of Time, respectively. With his daughter 
Lucy he has written children’s books too, 
George And The Big Bang being the latest. 

Hawking has been the recipient of 
countless accolades throughout his life. 
His 14 honours include the Albert 
Einstein Medal (1979), the Order of the 
British Empire (1982) and the Presidential 
Medal of Freedom (2009). He has declined 
knighthood from the Queen of England as 
he dislikes the concept. Today Hawking 
holds the position of director of research 
at the Centre for Theoretical Cosmology at 
Cambridge University. 

Much of Hawking’s research has 
revolved around the basic laws that 
govern the universe. His has postulated 
that the universe began asa ‘big bang’ 
and will end with black holes, and his 
co-discovery of Bekenstein-Hawking 
Radiation emitted by black holes isa 
consequence of his theory that cosmology 
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1988 


197: A. Of Space-Time. 


Nameda fellow of the Royal 
Society and earns the Albert 
Einstein Award. Later honoured 
with the Pius XIGold Medal for 
Science by Pope Paul VI. 


A Brief History Of Time: 
From The Big Bang To Black 
Holesis published, one of 
Hawking’s most famous 

Becomes the Lucasian Professor and bestselling books. 

of Mathematics at Cambridge, a 

position dating back to 1663 that 1982 

has only been held by14 other ReceivesaCBE 

people including Sir Isaac from theQueen 

Newton (above), throughto2009. of England. 
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and quantum theory are inherently 
linked. His more recent research suggests 
that there is no edge of the universe and 
that the birth of the universe was 
determined entirely by the laws of 
science, outlined in his title The Grand 
Design (2010). He has presented a number 
of popular television shows, including 
Into The Universe (2010) in which he posits 
that, ifaliens do exist, humanity should 
avoid contact with them atall costs lest 
they decide to conquer our planet. He has 
also proposed a number of theories 
regarding time travel and wormholes, 
and believes it is possible thata 
theoretical spacecraft flying in orbit 
arounda black hole would be able to 
travel forward in time. 

Hawking’s fascination with space has 
seen him retaina desire to visit the 
cosmos himself. In 2007, at 65 years ofage, 
Hawking rode aboard a zero-gravity 
Boeing 727, which enabled passengers to 
experience weightlessness by freefalling 
from the sky, and he later reiterated his 
ambition to explore space himself. 

“The zero-g part was wonderful and 
the higher-g part was no problem,” 
Hawking said after the experience. 
“Icould have gone onand on. Space, here 
I come!” His next foray into the cosmos 
will be aboard Sir Richard Branson's 
Virgin Galactic vehicle in 2013. 


Black holes have 
played api Tole 

throughout Hawking 
Tea thet 


1993 2001 



























Publishes The Universe 


Throughout Hawking’s 
career, black holes have 
beena key area ofhis 
research. In1976 he 
proposed thatall 
information withina 
black hole disappears but, 
almost 30 years later, he 
recanted his previous 
theory and instead 
suggested that black holes 
may allowinformation to 
escape in jets. 


Eccentricity 

Hawking’s family were often 
described as eccentric, with 
dinner frequently seeing the 
family eating in silence while 
reading books. The family car 
wasa London taxiand his 
parents also made fireworks 
intheirgreenhouse. 


Active 

Before he developed the 
disease that would paralyse 
him Hawking was very active. 
He hada passion for dancing 
andwasamember of Oxford 
University’s rowing team. 


Celebrity 
He has played himselfina 
variety of TV shows including 
The Simpsons, Star Trek: The 
Next Generationand others. 


Unproven theories 
Heisadamanttime travel is 
possible, believes thereisa 
single unifying theory for 
cosmology and quantum. 
mechanics, and hopes we'll 
one day colonise other planets. 


The Grand Design 

His latest academic book, The 
Grand Design, outlines his 
belief that God could be 
compatiblewith modern 
science but that the Big Bang 
must have been the 
consequence of the 

laws of physics. 





2009 


Publishesa popular InA Nutshell, amore Awarded the Presidential 
collection of essays accessibleaccountofthe  MedalofFreedom, the 
entitled Black Holes universeasawholethan _highestcivilianhonour 
And Baby Universes. his previous books. inthe United States. 
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) “The advantage of finding a hair is that 
} DNAcoan be extracted from it, opening 
Sp” line of enquiry” 
Science of 
ia 
orensics 
What goes on behind the police t 
glasses etc will get dusted for 
The area of forensic investigation has At the crime scene... Pare uee ae 
ee) since global smash TV show CSI: Crime ee team approach the 
Scene Investigation first exploded onto our 


Science of forensics 
. us am Prints & marks 
tap e in the real-life CSI? * Allsurfaeés, door handles and 
captured the public’s imagination ever swabbed for DNA traces. 
screens in 2000, but incredibly it’s a field of 
















criminal investigation that can trace its origins Security 
all the way back to the seventh century. The area will be cordoned PD 
; off with tape and other 
History has it that a market stall owner used 


security measures put in 
the fingerprints ofa man who owed him money place to ensuré nobody 


to prove his identity and, from these tamperswith the crime 
: sae * : scene or any evidence. 
inauspicious beginnings, a whole new area of 

criminology was created. 

Today, the first people (after police) at the 
scene ofa crime will be the CSI team, keen to 
preserve the integrity of the environment to 
boost the chances of capturing the perpetrator 
without any evidence being disturbed, although 
the word ‘team’ can be something of a misnomer. 

Depending on the size of the local force, the CSI 
team can often consist ofa single field officer, 
trained in multiple areas, who will work 
methodically around the room, first taking 
photos, and then collecting clues such as 
fingerprints, clothing, hair and broken glass 
which could lead to the culprit. However, for 
large-scale incidents like murders, up to four 
people will be involved, including a specialist 
photographer anda crime scene manager. 

Alexandra Otto wasa crime scene investigator 
for 11 years before moving to Bournemouth 


\ Murder weapon 
Officers will scour the 
room for any obvious 

weapons or clues which. } 
could reveal the murder © | 
weapon, eg bullet holes. 






Kitted out 
Investigators will wear 
clean protective clothing 
and gloves to avoid 





« y contaminating the scene 
University, Dorset, UK, to become a demonstrator and tainting potentially 
of forensic science in 2006. Inan interview with é incriminating DNA. 


How It Works she explains the process stage by ? 
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Forensic toolkit Mask and Evidence Digital 
gloves bags camera 

The must-have gear noCSI_ These essential All pieces of ACSI will take 

should be caught without pieces of evidence will be hundreds of 
protective wear carefully placed photographs 
ensure that no in these of the scene as 
investigators sterilised plastic wellasthe 
contaminate a ‘ bags for later surrounding area to 
crime scene with analysisina serve as evidence 
their own DNA. —y | laboratory. in court. 
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Blue light finds blood Superfast results Bullet = gun DNA always gets results - Chalk outline 
While an alternative light Instark contrast to the While you can often match a Even if investigators find DNA, Chalk outlines are not used to 
source (ALS) can find bodily seconds or minutes that DNA bullet to the gun that fired it, ‘they can't always establish mark around dead bodies as 
fluids, blood is located using analysis takes on television, a if the bullet has been whose it is. Not many people doing so may contaminate 
luminol, a chemical that reacts real DNA test will usually take damaged or the gun has been have their DNA on file, so only evidence. Instead, photos and 
with haemoglobin and causes. around 7-14 days to return any modified, making a match is people with previous tape markers are used for 
the blood traces to glow. meaningful data. much more difficult. convictions get flagged up. analysis of the scene, 

Forced entry 


If there are any signs of 
the attacker's entry or 
exit point, DNA swabs 
and photographs will 
betaken.. 

































Blood samples 
Another job is to collect 
any blood from the scene 
with swabs which are: 
then stored in test-tubes. 
At this point, it’s 
unknown whether it is 
the victim's or assailant’s. 


The importance 
of fibres 


When scouring a crime scene, two of the most 
valuable finds that a forensic officer can 
uncover are hair and clothing fibres. 

The advantage of finding a hair is that DNA 
can be extracted from it, opening a line of 
enquiry. Although it can’t directly place a 
person at the scene like fingerprints, it is 
irrefutable proof that there is a link somewhere, 
even if it has been planted. 

Meanwhile, fibres of clothes can be minutely 
examined to determine what someone was 





Photograp! 
All the officers will take 
dozens of photographs of 
the victim and 
surrounding area for later 
analysis and to serve as 
evidence in court. 





Fibres 


Loose fibres from wearing. This can then be used to whittle down 
clothes or hairs found a list of suspects as certain fibres can be traced 
around the room will 


back to a specific manufacturer. 

When anything of this nature is found at the 
scene of a crime, forensic officers will use 
tweezers to pick up the item, so as not to 
corrupt any potential DNA, and immediately 
place it in an evidence bag. The bag is then 
taken to a lab, where it can be examined under 
a powerful microscope and any DNA extracted. 


also be collected for 
later analysis. 
















Bagged 
Once thoroughly documented 
and, with the go-ahead from a 

pathologist, the body will be put 
into a body bag and taken to the 


The body will be closely 
inspected for any 
possible DNA traces or 
fibres from the attacker 
and all entry or exit 
wounds logged. 
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Fingerprinting Tape Luminol Flashlight Tweezers 

powder Adhesive tape is Thisisa Atorchis In order 

Two different used to lift a copy chemical which essential for to avoid 

types of powder ‘ ofa fingerprint glows in the dark looking in dark smudging 

are used at the N from asurface. in the presence nooks and potential 

crime scene; of blood, crannies for fingerprints or 

which one illuminating crucial evidence damaging fibres, 

depends on the even trace or during crime tweezers are used 

type of surface. hy amounts. scenes at night. to pick up small 
pieces of evidence. 
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“Before even entering the room, we 
will scour the area outside the crime 
scene to see if there are any clues” 


stage from the moment they get the call to the 
scene to the end of the case. 

“First, we'll get a call from the control room 
that took the report of the incident, head down 
to the crime scene and talk to any police officers 
or home owners. Before even entering the 
room, we will scour the area outside the crime 
scene to see if there are any clues we can find. 

“Then, we will move inside the room, having 
put on protective suits, gloves and masks. The 
masks are to avoid any chance of us 
accidentally contaminating the scene with 


saliva or anything like that. We will take lots of 
photos ofall areas of the room. These will 
primarily be for the prosecution, but they are 
also disclosed to the defence. Next, we go 
around collecting evidence in bags, such as any 
blood ona window, fibres from clothes or 
envelopes the intruder may have opened. 

“The next stage is to dust for fingerprints. We 
will then use tape to lift the prints, which will 
be bagged ina special envelope and sent toa 
fingerprints expert, while the rest of the 
evidence goes to a lab. We would never toucha 


Anatomy of a fingerprint 


What the experts are looking for when trying to match a print 


Loops 

This pattern will rise 
up at an angle, curve 
over and swoop back 
down, returning back 
to the starting point 
of the pattern. 





Independent ridge 


2 


connected to any others. 


Enclosure 

This is where two ridges 
split, then rejoin, forming 
an enclosed loop. 


ZZ 


Bridge 
Aridge connecting one long ridge with another, 
bridging the gap between the two. 


Fathers of a hee Malpighi 
fingerpri nti hg notes fingerprints 


are unique to the 
individual, after 
studying patterns 
on our fingers. 


We have a few people to 
thank for the development 
of fingerprint forensics 
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Whorls 

These are individual 
rings, each one 
encircling the one 
inside it. Just over a 
third of fingerprints 
look like this. 


Arches 

The least common of 
all fingerprints, these 
look a bit like a hill, 
swooping up from 
the left, then down 
toward the right. 


Bifurcation 

Looking like a fork, this is 
where a ridge naturally 
splits into two. 


Dot 

Similar to the 
independent ridge in 
that it isn't connected 
to any other ridges, 
but it’s much shorter. 
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1858 1880 

Magistrate of Indian Henry Faulds 

district Hooghly, publishes his reseach 
William Herschel in Nature, suggesting 
uses fingerprints to that fingerprints 
force locals to could be used to 
confess to crimes. catch criminals. 


body until the forensic pathologist has been 
and studied it. Then the body would get putina 
body bag and taken to the mortuary. 

“Once all the evidence has been analysed in 
the lab, we would get the results, which we 
would pass to the CID who would continue the 
investigation. We could get called to court to 
give our side of the investigation, but the 
detective and analytical work are done by the 
police and lab teams.” 

Until fairly recently, much of the laboratory 
work carried out in Britain was done by the 


FF 1892 
Sir Francis Galton 
writes the book 
Finger Prints and 
devises a method 
to identify and 
record fingerprints. 
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Answer: 

Even when viewed under a microscope, it is 
practically impossible to distinguish a koala’s 
fingerprints from human ones. This is thought to be 
arecent evolution as fellow marsupials don’t have 
human-like fingerprints. 
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Forensic Science Service (FSS), which was run 
by the government, but losses of around £2 
million ($3.3 million) per month forced the 
department to close. The workload for 
analysing the results of the crime scene then 
got contracted out to private companies. 

“The private companies are very good,” 
reveals Otto. “The only problem is 
contamination. The great thing about the FSS 
was that they were world-renowned and their 
labs were always incredibly clean. 
Unfortunately the private companies 


DNA profiling 


The discovery of DNA was a 
massive milestone in forensics. 
Watson and Crick proposed the 
idea of the double helix in 1953, but 
in 1984 British geneticist Alec 
Jeffreys discovered a method to 
use variations in a person’s DNA to 
identify them. 

The most common method uses 
short tandem repeats (STRs). 
These are structures within the 
human genome consisting of one 
to five bases and are repeated half 
a dozen times through the DNA 
system. When DNA copies itself, 
mutations occur, giving each 
individual their unique code. 
Profilers will take 10-13 STR 
markers from DNA found at the 
scene of a crime and compare that 
with DNA taken from the person 
they are interested in. 

STRs are useful in DNA 
identification because the STR 
markers vary noticeably in humans, 
reducing the chance of an error, 
and also because they can be easily 
magnified when profilers are 
inspecting the DNA strands. 
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sometimes aren't quite so careful and 
contaminations do occur. When you're working 
with DNA, which is obviously such a small 
thing, you have to be really careful.” 

After removing a body froma crime scene, it’s 
placed ina sterilised bag and transported toa 
mortuary where it’s kept until the forensic 
pathologist is able to perform a post-mortem, 
determining time and cause of death. 

Meanwhile, lab analysis of any pieces of 
evidence is taking place. This can be anything 
from looking ata piece of thread under a 


ACSI will spend a lot off 
in the lab, analysing evil 
collected at crime sce 


microscope to see what the suspect was 
wearing to processing any DNA fragments to 
see if there isa match on the database. 

A fingerprint is left on a surface due to the 
sweat glands in the finger creating a latent 
mark. Alternatively, ifa person presses with 
enough force in wet paint or other malleable 
surfaces, this would also leave a print. 

“Smooth surfaces like glass will require a 
flake powder containing aluminium or gold 
flakes,” Otto explains. “Rough surfaces will 
needa more granular powder. This powder 






Putting a face to DNA 


Until now, the only clues the police were able to 
use to physically identify a criminal is witness or 
CCTV evidence. However, teams from Erasmus 
University Medical Centre in Rotterdam and 
Pennsylvania State University have identified five 
genetic variants that have an effect on the face. 
This means that the same DNA that can identify 
who you are on the inside could in the future also 
help police construct a reasonably accurate 
re-creation of a face, including the tip of the nose, 
position of the eyes and general face shape. 

This breakthrough was achieved by making 3D 
images of nearly 600 people from a variety of 
ethnic backgrounds and linking the differences in 
face shape to the differences in DNA, isolating the 
genes that controlled what we look like. 

While still not yet fully tested and some way 
from being able to be used as evidence in court, 
this new method of forensic profiling has very 
exciting potential to help investigators drastically 
narrow down their list of suspects. 
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“Now that people are aware of the 
power of forensic evidence, criminals 
are able to manipulate the system” 








Science of forensics 





» adheres to the sweat that creates fingerprints so 
we can get a clear image of the print.” 

As fingerprints are unique to the individual, 
the discovery of fingerprints on a doorframe or 
aperson’s body provides irrefutable proof that 
they were there. While fingerprints found ata 
scene cannot be dated, and the added 
confusion of planted evidence the culprit could 
use to frame someone else, fingerprints provide 
an invaluable resource to police officers who 
need to link a suspect with a location. 

Once fingerprints have been collected, they 
are analysed by a dactyloscopy expert and run 
through a computer that will search its 
database of fingerprints, collected over several 
decades, to try and finda match. 

The whole basis of fingerprint evidence is 
centred on the unique pattern of whorls, loops 
and arches that make up every fingertip. As yet, 
no one has ever found two people with exactly 


matching fingerprints, so a positive match is 
taken as fairly solid evidence of a person's 
connection with the crime. 

Recent advances in fingerprinting have 
enabled forensic investigators to even detect 
high-quality fingerprints from food, a 
previously tricky area of investigation. A 
modified form of powder suspension, which isa 
tar-like substance, will reveal a fingerprint 
quite clearly even on smooth surfaces, meaning 
that we now have another way in which to 
connect people with a crime. 

The other key area for forensic investigators is 
DNA matching. This isa much more recent 
development, with the technique only 
emerging in the 1980s, but is able to create 
matches with incredible accuracy. DNA 
profiling is where a section of a person’s DNA, 
which is unique to them, is matched with DNA 
found at a crime scene, which can come in the 
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Ballistics in focus 


Unless a gun has been modified or the 
ammunition badly damaged, forensic officers 
are often able to trace a bullet back to the 
weapon that fired it, due to marks made by the 
firearm’s unique pattern of grooves and threads. 

When establishing the cause of death, 
ballistics experts and medical officers will work 
together to determine various aspects of the 
shooting, such as the distance and angle from 
which a person has been shot judging by the 
entry wound and potential exit wound. 

Assistance to law enforcement officers now 
comes in the form of the instant shooter 
identification kit, which can work out in minutes 
if a person has recently fired a gun by analysing 
gunpowder residue on their hands. 
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Tracking a bullet 


The ballistics team can tell many things 
about a shooting even without a weapon 


— 
AT 
& 
Time of death 
By measuring body 
temperature or how Height 
much rigor mortis has The angle of the 
setin,a time of death entrance and exit 
can be estimated. wounds can tell 
the team from 
The gun what height the 
Guns have unique threads bullet came. 


that leave markings on 
the bullets, so police can 


Point of entry 

Entrance wounds are smaller 
than exit wounds, so officers 
know if the shot came from in 
front or behind the victim. 


form of blood, a strand of hair or even oil froma 
nose print that had been pressed up against a 
window. Ifa match is found, you can be fairly 
certain someone was there, if not when or why. 

Obviously though, linking a person with the 
scene of the crime won’t automatically result in 
a conviction. Now that people are aware of the 
power of forensic evidence, criminals are able 
to manipulate the system, planting DNA 
evidence to throw investigators off the scent. 
Forensic evidence can go as far as showing who 
has touched a certain object or whose DNA was 
found in the area, but it is still up to the police to 
decide what to do with the evidence put in front 
of them, much like non-forensic evidence such 
as witnesses and alibis. 

Unfortunately, the other key limitation to 
DNA and fingerprint evidence is that the person 
to whom they belong needs to be known to the 
police. Fingerprints and DNA are run through 





Bullethole 

If the bullet is lodged ina 
wall or floor, it can provide 
vital clues as to whether 
the body was moved. 





Distance 

If the gun was touching the 
body an abrasion ring can 
form to reveal the assailant 
was in close proximity. 


trace the precise weapon. ~q———__ ig 
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the national database to find a match, butifthe 
police do not have either on file, they will hita 
dead-end in the investigation. An officer can 
only take DNA and fingerprints when someone 
is arrested anda recent law in the UK has 
determined that anyone who hasn’t been 
convicted ofa qualifying offence has to have 
their records destroyed within six months. 
However, the benefit of the DNA database is that 
more and more cold cases are being solved, due 
to people’s DNA being taken, fed into the 
computer and matched with DNA taken froma 
crime scene years ago, leading to many 
retrospective convictions. 

Forensics alone cannot force a conviction, but 
they certainly can assist the police in 
constructing a case for the prosecution. 

Whenever a gun is involved ina crime, 
ballistics is another major area that falls under 
the forensics team’s remit. 


“One of the things we can determine is the 
directionality of ballistics, so where the bullet 
came from”, Otto explains. “Apart from ifa gun 
is modified, matching the bullet to the gunisa 
very precise science. Each gun has grooves that 
are particular to that exact firearm, not just the 
brand, so we can trace the gun with real 
certainty. Less reliable is firearm residue. 
Studies here have shown that there is a real 
similarity between gunpowder residue and 
brake dust, for example, so that is an area that 
needs further investigation.” 

We have to ask Otto about the influence of CSI. 
The hit US TV show has been phenomenally 
successful in the 14 years since its premiere and 
has spawned two direct spin-off series, CSI: 
Miamiand CSI: New York, as well as inspiring 
several other detective shows, but isits 
immense success a boost or hindrance to the 
world of forensic investigation? 


Sanna 


Not just for murder 


What other applications are there for forensics? 
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bones can tell archaeologists how 
long they’ve been dead for and 
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settlement was in use, Carbon-14 
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scientists find how muchisina 
sample and count backward to 
find when the organism died and 
their bones started decaying. 
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“Of course I watch CSI. Ineed to know what 
my students are watching. The showis very 
good, but it does give people a different idea 
about crime scene investigators. In the show 
they do everything. They interrogate witnesses, 
forensically investigate the scene, do the lab 
work, everything. In reality, we don’t do much 
of that side of things at all. In fact, when my 
students first arrive I tell them that the life ofa 
CSlis not like on the TV atall. 

“It does give the wrong impression about how 
things work too. Whereas they get DNA results 
straight away, we generally have to wait abouta 
week to two weeks minimum for results to 
come back. Having said that, forensics is quick 
in the courts. It helps to identify the person 
because of the individuality of DNA, and it has 
been proven that DNA profiling stands up in the 
court of law. I don’t think the advantages of DNA 
can ever be overvalued.” 






Reuniting families 

Families that have been separated 

through adoption, abduction or any 
number of reasons like natural 

RT Titecee- Temperance Reenceltraal 
their DNA. By analysing the DNA of 
child and parent, geneticists can 

establish a definitive match 
and provide cast-iron proof 

of the relationship. 
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many offspring a 
particular 
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diet by analysing 
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“Newton saw an apple fall to the 
ground and dared to ask, 
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‘HOW GRAVITY WORKS 


Unravel the mysterious force that formed 
the stars and keeps our feet on the ground 


® OfalllsaaeNewton’s revolutionary discoveries, 
joleya ste} ols (oye CM Vetere) ceeberleyaLoLUCHaereDOy 
unravelling the enigma of gravity. In the 1660s, 
~ Newton saw anapple fall to the ground and dared 
to ask, “Why?” Why doesn’t the apple drift slowly upward? 
Why does water always seek the lowest place? Why does the 
Moon stay in orbit and not catapult into space? In his day, it 
was a question of near-religious significance. 

Instead of meditating on divine mysteries, Newton drew up 
formulas. His law of universal gravitation, as presented in his 
USsyRacccliw ate OCMC oneal eig tee Lost liCen el 
the universe attracts every other particle of matter in the 
universe with a measurable force called gravity (named for the 
FeteM AC AUCO a Kat sola me Uelceiec cele eo aeeete Wei lelOecle 
SOO Ce eT Ne cAI LODHI TcE Le Reece ICT e om be 
other words, the larger the object, the more gravity it exerts, 
and the closer you are to the object, the greater the pull. 


Here is Newton’s brilliantly simple formula for caleulating 
Lebo) cu Ro eAc\sla mea Lea Venele) (Tee PAMUOLSDC Ln: ule Ret mech Cs 
the masses of the two objects, ris the distance between the 
two objects’ centres of gravity, and Gistheuniversal 
gravitational constant: F=G ™,™, 

2 

It yegealeereiettig vec ber-aea bere a No MiCeeeaCBCBI CS 
universality. Though it can be difficult to conceive, not only is 
there a gravitational attraction between the apple and the 
Earth, but there’s also a gravitational attraction between you 
and the apple. Essentially, any two objects that have mass - 
whether cosmically huge like a galaxy or infinitely small like 
an atom - exerta gravitational force on each other. 

Ifthat’s true, though, why don’t we swerve toward the street 
when a large truck passes, or get pinned to the base ofa 
skyscraper? Because that ‘big G’ in Newton’‘s equation is 
actually incredibly small - roughly 6.67 x10 Newtons (square 


WWW.HOWITWORKSDAILY.COM 


or EOC GRCRSI any mec LCI no a Ola Le 


vay BRMINOBNECT’~GOm/S — crAFFFERHRSM 274m /s? 


NUMBERS 


Ko 





Gravity through the Solar System 


As Newton theorised back in the 17th century, every star and galaxy in the universe has a different mass and 
particle of matter exerts a gravitational pull on every other therefore generates a unique gravitational pull. 
particle of matter. Ifyou concentrate a large amount of The mass of the Earth pulls a falling object toward the 
matter in one place, it will create a much greater ground at arate of 9.8m/s? (32.2ft/s’). In contrast, the mass 
gravitational pull than a loose smattering of particles. of the Sun is 333,000 times greater than the Earth. Asa 
Mass is the measurement of how much matter is ina result, a falling object near the surface of the Sun would be 
particular object. The greater the mass, then the more pulled downward at a rate approaching 274m/s? (899ft/s*), 
gravitational influence it will possess. Every planet, moon, 28 times faster than on our planet. 
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without any engines? Satellites in orbit don’t require power as they’re really in controlled 
freefall. A satellite is launched into space in the nose of arocket. That rocket must provide 
enough thrust to escape the surface gravity. Once in space, the satellite is released ona 
ag CNAME Teer) ca aes enc ORO SITE AICO man eC em errr (Cotas CT oi 
into an elliptical orbit determined by the long-distance gravitational pull of the planet. 


metres/kilograms); yes, the decimal point is 11 digits to the left. 
Unless the combined mass of the two objects is very, very 
large, the force of gravity between them is undetectable. 

The Earth qualifies as a very, very large object with a mass of 
5.97219 x 10* kilograms (1.31664 x 10” pounds). In comparison, 
your mass (not weight) is probably closer to 70 kilograms (154 
pounds). If you plug the Earth’s mass into Newton’s equation 
asm,, your mass as m,, and then use the radius of Earth for r, 
you get an answer of 686 Newtons (154.2 pounds force). 

That is the gravitational force between you and our planet - 
in other words, the force that your mass exerts through 
gravity, aka your weight on the surface of the Earth. Ifyou 
were to run the same numbers at a jumbo jet’s cruising 
altitude of around 12,200 metres (40,000 feet) above sea level, 
however, you would actually exert a whole two Newtons less, 
because there is a greater distance between your centre of 
gravity and the centre of the Earth. ® 
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» Thanks to Newton’s second law of motion, we know that 
force equals mass multiplied by acceleration (expressed as 
f=ma). Using Newton’s gravity equation on page 40, we figured 
out the gravitational force between you and the Earth. Since 
we know the combined mass of you and the Earth, we can 
then solve the acceleration of gravity (a= f/m). The answer, 
9.8m/s? (32.2ft/s*), isalso knownas ‘little g’. Little g, like big G, is 
aconstant, but it’s only a constant for objects on or near the 
surface of the Earth. This means that little g on, say, the Moon 
or near the Sun isa whole different story. 

Little g is critical because it explains why objects fall to the 
Earth ata consistent rate, even when they are of wildly 
different masses. For instance, ifyou push a BMW Sedan anda 
bowling ball off the top of the Burj Khalifa hotel in Dubai - 
currently the tallest building in the world - they will both hit 
the groundat exactly the same time. The only exceptions are 
objects with low mass anda lot of surface area, like a feather or 
a parachute, which float down slowly as the result of upward 
drag. This wouldn't be the case, however, in an airless 
environment - for example, a laboratory vacuum or the surface 
of the Moon - where, believe it or not, the feather and the 
bowling ball would fall at precisely the same rate. 

Notice that gravity is the force of attraction between two 
objects; that is, it’s a two-way process. Not only are you 
attracted to Earth with a force of 686 Newtons (154.2 pounds 
force), but the Earth is attracted to you with an equal force. In 
fact, if you fall out ofa tree and accelerate toward the Earth at 
9.8m/s*(32.2ft/s*), the Earth also accelerates towards you. But 
that’s impossible, right? The world doesn’t jostle out of orbit 
every time some klutz tumbles out ofa tree. The difference is 
in the rate of acceleration. Ifa =f/m and fis 686 Newtons, then 
the rate of acceleration gets slower and slower as mass gets 
bigger and bigger. Yes, the Earth technically accelerates 
towards you and every other falling object, but that rate of 
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“Little g is critical becouse it 
explains why objects fall to the 
Earth at o consistent rate” 


acceleration is so tiny - and the Earth's inertiaand 
momentum so great - that no wiggle is remotely detectable. 

While Newton's universal law of gravitation gives us the 
physics to calculate the force and acceleration of gravity just 
about anywhere in the universe, it doesn’t explain what 
gravity is and how it works at an atomiclevel. 

Albert Einstein took up that challenge with his general 
theory of relativity, published in the early-2oth century, 
which explained gravity as a curve in the space-time 
continuum. Beyond our three-dimensional universe, Einstein 
argues, isa fourth dimension of space and time. Objects with 
large masses, like planets, can warp the space-time 
dimension like a bowling ball ona trampoline. Ifyou try to 
rolla marble across the trampoline, it will be drawn toward 
the bowling ball. The same is true for planets as they swirl in 
orbit around a huge celestial body like the Sun, ora cosmic 
beam of light that bends as it passes a black hole. 

But even Einstein’s revolutionary theory didn’t explain the 
mechanism at work in gravity. Whatis it, exactly, that carries 
this force between two objects? Today, many physicists 
believe that the gravitational interaction is carried by 
undetectable, massless particles referred to as gravitons. 
Others talk of gravitational waves - barely detectable 
shockwaves of gravitational force created by the collision of 
neutron stars or the explosion ofa supernova. 

Despite the limits of our understanding, what began as an 
apple falling from a tree in the 17th century has led to 
remarkable insight into the mysterious forces that guide the 
universe. Gravity, the force that keeps our feet firmly on the 
ground and dictates global tides with the passing of the Moon, 
appears to be the same ancient force that bound together 
primordial cosmic elements to form the first stars and 
galaxies. If nothing else, it’s something to mull over the next 
time you're falling out ofa tree... 
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D A I ES Nicolaus Copernicus _ Galileo Galilei (right) uses his Isaac Newton publishes his __ Albert Einstein (right) publishes his Arocket probe confirms 
placedthe Sun asthe inclined plane experiments Philosophiae Naturalis Principia theory of general relativity, which Einstein’s theory that 
GRAVITY TIMELINE — 2*2¥itionalcentreof — tomeasure the acceleration Mathematica, containing the law explains gravity asadisturbance “Wj gravity slows the 
our Solar System. of falling objects. of universal gravitation. in the space-time continuum. passing of time. 
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Finding the centre of gravity 

BteTe NaN eleae creas cee acT MALOU P Uae R Coda mece reread Nene 
centres of gravity of object oneand object two. But how doyou work out these centres of 
gravity? Fora sphere like the Earth, it’s easy. The centre of gravity is the exact centre of the 
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can locate the centre of gravity of any object by finding its balancing point. 





Measuring gravity 


Thanks to Newton, gravity is a measurable force. 
Not coincidentally, the international standard unit 
of force is called a Newton (N). On Earth’s surface, 
roughly 0.98N equals the downward force of gravity 
on 100 grams of mass. Likewise, one kilogram of 
mass exerts a downward force of 9.8N. To calculate 
the force of gravity, physicists use the formula f=ma 
(force = mass x acceleration). Since the acceleration 
of gravity is 9.8m/s? on Earth - ie little g- we can 
easily calculate the Newton force of any mass. The | 

average person’s mass is70 kilograms, which Newton wasinspired by many 
multiplied by 9.8 gives you 686N - the force by which [RSSCAURes attra yo taia7 (2 
gravity keeps us all securely grounded. Simon Stevinand René Descartes 








A hammer vs a feather 


Newton’s law of universal gravitation states that an object with greater 
mass will exert a greater gravitational force. But force is not the same as 
acceleration. The question of which object lands first is a matter of acceleration. When 
you do the maths, you find that every object - regardless of its mass - has the same 
acceleration of gravity near the Earth’s surface. Take a look: 


ARN a=f/m; or a=(m x 9.8m/s?)/m; or a= 9.8m/s? 


Witha take-off speed of 104km/h 

(65mph), a bike launched froma ot etoeoneccta coogi lope erty 
45-degree ramp travels 22m (7oft) gravity. Aninclined landing 
before gravity pullsitbacktoEarth. ramp decreases theG force. 


The only reason the feather falls slower on Earth is air resistance. In a perfect vacuum 
like space, in contrast, the feather and the hammer land at precisely the same time. 
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The periodic table 


“By bombarding atomic nuclei with 
aoe or smaller nuclei, scientists 
ave synthesised 20 more elements” 


The periodic table 


Unlock the wealth of information inside this handy guide to all the elements 


The periodic table makes scientists’ 
jobs easier by providing a visual guide 
to each element’s main properties. 
Anelement isa substance made from just one 
type of atom - carbon, for example. The Big 
Bang produced a handful of very light elements 
- mostly hydrogen and helium - which were 
fused inside stars into many heavier elements, 
like iron. Add to these another 14 elements 
produced by radioactive decay and you have 
our universe’s 98 naturally occurring elements. 
But it doesn’t end there. By bombarding 
atomic nuclei with protons or smaller nuclei, 
scientists have synthesised 20 more elements. 
Produced inside nuclear reactors or particle 
colliders, these are the heaviest elements in the 
table, with atomic numbers 99 to 118. Since they 
are all radioactive, they decay rapidly -some 
after a few days or weeks, but many in a few 
fleeting milliseconds. This leaves scientists 





Group 1 2 3 4 5 
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very little time to assess the properties of new 
discoveries. While they await official 
recognition, these elements are assigned 
temporary names such as Ununoctium. 

The periodic table organises all 118 elements 
in order of increasing atomic number. This long 
list is then split into rows (called periods) 
according to how many electron shells each 
element has. Many ofan element's chemical 
properties are determined by the configuration 
of electrons sitting in their shells. Elements 
with just one electron in their outer (valence) 
shell, for instance, react very easily. Elements in 
the same column (called a group), meanwhile, 
have similar electron configurations and 
therefore share characteristics like reactivity. 

Anumber of other patterns can be found 
across the entire table. Metallic properties, for 
example, gradually disappear as you move from 
the bottom-left corner to the top-right. * 


6 7 8 9 wb nL R 


Non-metals 

With a dull finish, 
non-metals don't 
conduct heat or 


Transition 
metals 

These are hard, with 
high melting and 














These malleable 
metals have fairly 
low melting and 


With just one 
electron each, alkali 
metals are very 





metals 
Keen to give up two 
electrons, these 


Despite looking 
metallic, metalloids 
are brittle and most 








Halogens are just 
one electron shy of 
full shells, making 


These soft metallic 
elements, known as. 
rare earth metals, 





With full outer 
shells, noble gases 
rarely react with 
other elements. 


Actinoid radioactive 
elements exist 
naturally, while 
others are manmade. 


3B u 5 16 yf 18 
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What’s the most abundant 
element in your body? 


A Hydrogen © Carbon © Gold 





Building blocks 


Take a glance at the key information 
displayed in each element on the table 


Atomic number 
The number of 
protons and electrons 
in the element. 








Title « 
The element's full name 
for those who don't 
know their symbols. 


:** Chemical symbol 

One or two letters 
used as a short form to 
represent the element. 






tome + Atomic mass 
The mass of an atom, which 
is measured in atomic mass 
units. This also takes into 
account the atom’s neutrons. 








Mendeleev’s table 


Russian chemist Dmitri Mendeleev published one 
of the earliest versions of the periodic table in 
1869, laying the foundations for the table we know 
today. Ordering over 60 known elements according 
to their atomic weight, he noticed that elements 
with similar properties occurred at regular intervals 
- in other words, periodically. Grouping elements to 
reflect these trends, three gaps remained. 
Mendeleev concluded that undiscovered elements 
must fill these gaps, deducing some of their 
properties from their position in the table. The 
discovery of gallium, scandium and germanium 
soon after confirmed Mendeleev’s predictions, and 
scientists worldwide adopted his table. Over the 
years, Mendeleev's table has been updated to 
include previously unknown groups of elements 
such as the noble gases, and re-ordered by atomic 
number to create a more accurate arrangement. 


Grouping the elements 


The table's 18 groups, displayed in columns, have the most in 
common due to their shared electron configurations. Trends 


also exist within groups. For example, as you move from top 
to bottom, you need more energy to tear an electron away 


from its atom (ie ionisation energy increases). 


Within periods, the table’s horizontal rows, similar patterns 
exist but they are generally weaker. Periods owe their shared 
characteristics to having the same number of electron shells. 
Generally, as you move from left to right, elements become 


more reactive and thei 


Period 3 
uu 


Sodium 

Outer shell electrons: 1 
Protons in nucleus: 11 
How reactive relative to 
other elements: 
Extremely reactive 


Magnesium .- -. 
Outer shell electrons 
Protons in nucleus: 12 
How reactive relative to 
other elements: 

Highly reactive 


Aluminium - -- 
Outer shell electrons: 3 
Protons in nucleus: 13 
How reactive relative to 
other elements: 
Reactive 


ir size (atomic radius) increases, 


Silicon - ...... 

Outer shell electrons: 4 
Protons in nucleus: 14 
How reactive relative to 
other elements: 
Relatively unreactive 
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Phosphorus 

Outer shell electrons: 5 
Protons in nucleus: 15 
How reactive relative 
to other elements: 
Reactive 








iachleteees) 


Chlorine 

Outer shell electrons: 7 
Protons in nucleus: 17 
How reactive relative 
to other elements: 
Highly reactive 


Sulphur 
Outer shell electrons: 6 
Protons in nucleus: 16 
How reactive relative to 
other elements: 
Reactive 


Ununoctium 

Outer shell electron: 

8 (out of 8) 

Protons in nucleus: 118 
How reactive relative to 
other elements: 

Very unreactive 


Answer: 

Our bodies are mostly water (H.0), so as a result 
hydrogen makes up 67 per cent of the average 
human body's total 7 x 10” atoms. Because 
hydrogen is very light, however, it only accounts 
for around ten per cent of our mass. 








* Helium 


Outer shell electrons: 

2 (out of 2) 

Protons in nucleus: 2 
How reactive relative to 
other elements: 

Very unreactive 


-Neon 


Outer shell electrons: 

8 (out of 8) 

Protons in nucleus: 10 
How reactive relative to 
other elements: 

Very unreactive 


- Argon 


Outer shell electrons: 

8 (out of 8) 

Protons in nucleus: 18 
How reactive relative to 
other elements: 

Very unreactive 


‘Krypton 


Outer shell electrons: 

8 (out of 8) 

Protons in nucleus: 36 
How reactive relative to 
other elements: 

Very unreactive 


- Xenon 





Outer shell electrons: 

8 (out of 8) 

Protons in nucleus: 54 
How reactive relative to 
other elements: 

Very unreactive 


-Radon 


Outer shell electrons: 

8 (out of 8) 

Protons in nucleus: 86 
How reactive relative to 
other elements: 

Very unreactive 
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“Muscles are the driving force behind 
sporting ability, but there is a trade- 
off between power and endurance” 


f 











3,500-5,000kcai 
per day 


Tennis combines aerobic fitness with bursts of American football quarterbacks have to combine and Swimmers have strong arms and well-developed 
power, and players tend to have strong legs, backs, balance the strength of linemen with the speed and core muscles, relying on their upper body for 
arms and shoulders. agility of running backs. propulsion through the water. 


\: 


SPAT 


With training, the human body can be transformed into 
= a truly impressive sporting powerhouse =™\ 
a) Be; 

— : 
rr 2 le 
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4,500kcai 
per day 
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Flis intense, so drivers need to be lightweight but 


\ 
“y 

< 
Footballers rely on strong leg muscles to power their 


kicks, but must be lean in order to manoeuvre quickly 
across the pitch. 











Height surely matters in basketball, but agility and 
strong. Strict weight limits mean that shaving weight 2¥j power are more important. Players have strong leg 
off the driver is as important as keeping the car light. muscles for crouching, sprinting and jumping. 
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Michael Phelps, USA_~ Larisa Latynina, USSR * Paavo Nurmi, Finland 
US swimmer Michael Phelps Larisa Latynina was a phenomenal : The Finnish long-distance 
is by far the most prolific gymnast, winning nine gold, five 0 runner Paavo Nurmi won nine 
Olympic medal winner, silver and four bronze medals gold and three silver medals 
taking home 18 gold, two between 1956 and 1964. She between 1920 and 1928, 


silver and two bronze medals = 
between 2004 and 2012. : 


excelled at a number of events, from = 
the balance beam to the uneven bars. = 


proving his ability both on the 
track, and cross country. 


: Mark Spitz, USA 

, Swimming legend Mark Spitz 
won nine gold medals, one 
silver and one bronze 
between 1968 and 1972. 
Seven of his gold medals were = 
awarded in a single year. 


> Carl Lewis, USA 

Runner and long jumper Carl 
Lewis won nine gold medals 
and one silver in his Olympic 
career, He won the long jump 
in four consecutive Games 
between 1984 and 1996. 


Sabine Lisicki broke the record for the fastest women's tennis serve in 2014, hitting the ball at znkm/h [131mph) 





Musclesare the driving force behind 
cy sporting ability, but there isa trade-off 

between power and endurance. Likea 
cheetah, a sprinter is adapted for intense bursts of 
speed, but tires quickly, and like a wolf, an 
endurance runner can travel fora sustained 
period of time, but at a lower speed. With training, 
humanathletes can choose whether to adapt their 
bodies for power and agility, or for endurance. 

All muscles use the same energy currency to 
perform; a molecule called adenosine 
triphosphate, or ATP, generated within the muscle 
cells by the breakdown of glucose. The way this 
molecule is created and recycled differs 
depending on muscle type. 

Muscles are composed of two types of 
muscle fibres, red slow-twitch (type 
1) fibres, and white fast-twitch 
(type 2) fibres. Slow-twitch 
fibres specialise in burning 
glucose in the presence of 
oxygen, producing 
sustained activity, while 
fast-twitch fibres are 
adapted for instant power, 
burning fuel without oxygen 
for intense output over shorter 
periods of time. 

Endurance athletes, like long- 
distance runners, swimmersand cross- 
country skiers rely on slow-twitch fibres for 
sustained output at lower power. In the presence of 
oxygen, glucose can be fully burnt, creating lots of 
ATPand producing carbon dioxide and water as 
waste. An elite endurance athlete generates over 
99 per cent of their energy using oxygen. 

They train by stressing their cardiovascular 
system, increasing the duration of exercise and 
performing lots of repetitions at lower power 
output. Training increases the volume of blood in 
their bodies and causes the heart to growin size, 
becoming around 25 per cent larger by volume. 
This reduces the resting heart rate and increases 
the amount of blood pumped with each beat, 
maximising their ability to supply their muscles 
with oxygen. 

Local improvements are also made to the 
Ay muscles endurance athletes regularly use. 

\, Thered colour oftype1muscle comes froma 
dense capillary network and the muscle 
fibres themselves are packed with 

7 mitochondria, the powerhouses of the cell, 
— 4s which specialise in the end stages of 
mead metabolising glucose in the presence of 

oxygen to produce maximum ATP. Endurance 
athletes store more glucose in their muscles, 
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locked away in long chains knownas glycogen, 
andare better at diverting it through the aerobic 
pathway, burning it in the presence of oxygen. 

Incontrast, power athletes, like boxers, 
weightlifters and sprinters rely on fast-twitch 
fibres for rapid, powerful movement. Using 
repetitive resistance training, power athletes 
adapt their muscles causing the fast-twitch fibres 
to grow in diameter, packing more and more 
contractile proteins in. A good blood supply would 
waste valuable power-generating space within the 
muscle, and power muscles have fewer capillaries, 
hence the paler colour. 

Withouta constant supply of oxygen, fast- 
twitch fibres rely on ready-made sources of 
ATPto perform. Within the muscle, there 
isa store of ATP capable of powering 
around three seconds ofinstant 

movement, and once thisis 
used up, there are rapid ways 
to replenish it without the 
need for oxygen. 
Amolecule knownas 
creatine phosphate is used 
to quickly restoring ATP for 
reuse, supplying an additional 
eight to ten seconds ofactivity 
without oxygen. Glucose can also 
be burnt anaerobically creatinga 
smaller amount of ATP, and giving around 90 
seconds of breathing-free muscle power. A men’s 
100-metre race can be overand done with in under 
ten seconds for top performers, and some athletes 
do not breathe at all during this time. 

This type of respiration producesa high power 
output, but it comes ata cost, andas time goes on, 
waste products build up in the muscle, rapidly 
leading to fatigue and pain. Oxygen is ultimately 
required to replenish the stocks of ATP within the 
muscles, and power athletes are forced to stop and 
breathe before they continue exercising. 

There isan upper limit to the sporting ability of 
the human body, butit seems thisis yet to be 
reached, and science continues to improve 
performance. Our understanding of biologyis 
helping to develop training and nutrition plans for 
athletes, while chemistry and physics are used to 
improve the physiology of sport, and to develop 
equipment used to enhance performance. World 
records continue to be broken, andasincredible 
athletes appear, their abilities are driving others to 
improve their game. In the year Usain Bolt 
smashed the world record for the men’s 100 metres, 
the average performance of the other top sprinters 
improved as well, a phenomenon now knownas 
the ‘Usain Bolt Effect.’ 


“a 


me 
v 
re 


|< eee” 


a 


- 


©Alamy; Rex Features; Getty; Thinkstock 


How It Works | 031 


“As the muscles work, waste products 
like carbon dioxide, potassium and 
acids start to build up” 





MECHANICS 
OF M3VEMENT  .... 


momentum 
Discover how your heart and Debs sea 
lungs keep your power-hungry ebeiae ie body 


. f and to drive the 
muscles moving 4 " runner forward. 
Atrest, the skeletal muscles receive around 20 per 
cent of the blood pumped with every heartbeat, 
but during exercise, their oxygen requirement 
rockets. They are given priority over almost all 
other tissues, and up to 80 per cent of the cardiac 
outputis diverted to supply their increasing 
demands. Adrenaline from the adrenal glands 
above the kidneys and noradrenaline released 
from nerve endings increases the heart rate, and 









» 
= 






causes the arteries to constrict, diverting blood att, 
flow away from other areas of the body, like the . y 
digestive organs. 

As the muscles work, waste products like carbon ~ « 
dioxide, potassium and acids startto build up,and Nervous control Open airways Nae 
the tissue becomes hypoxic as the oxygen is used The brain responds to The airways widen and 
up. These strong signals overridethe constriction _ higher carbon dioxide increased blood pressure 

i; levels in the blood by forces extra capillaries in the 
ofblood vessels, causing the local blood vessels increasing the rateand flange to opens maxinisindite 
within the working muscles to dilate. At the same depth of breathing. surface area for gas exchange. 


time, the acidic by-products change the shape of 


the pigment haemoglobin, andas the red blood Biomechanics of running 


cells pass they drop their oxygen in the place prolkeenivourinmeciesimavkvee thelsody 


where itis needed most. needs to make compromises as you run 
The heart is pumping so quickly 


that the blood spends much less 
time in the capillaries of the lungs, 
so the time for gas exchange to take 
place is shorter. However, when 
increased carbon dioxide in the 
blood reaches the brain, the rate 
and depth of breathing increases, 
and raised blood pressure 
forces extra alveoliand 
capillaries open, creating an 
even greater surface area for 














| Skeletal a 
gas exchange, and ensuring muscle $ Ege Sugar release 
that carbon dioxide is pump i spate Glucose is released from 
swapped for oxygen as the As the leg . stores in the liver to 
muscles contract, Nr supply the muscles. 

blood passes. they squeeze the Ply 

Asthe muscles continue to NEM Tuleh 5 oat te 

tm tm 

contractand relax, they partite enter keene 
squeeze the veins in the legs : eds erCMet ys\aite] 


andarms, helping to force blood J eae 
back toward the heart. Thisin s 
turn maximises the amount of blood 
pumpedwitheach beat. — 
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“SF Shelly-Ann 
Fraser-Pryce 
The current 100-metre women's 
>. world champion is Jamaican 
Shelly-Ann Fraser-Pryce, who. 
set a time of 10. 
the Olympic Gam 


SPARTS 


The most common sporting injuries affect 
the muscles, bones, ligaments, tendonsand 
joints, and can be caused bya number of 
things, from physical accident to 
overtraining and poor technique. The 
first line oftreatmentis to stop 
exercising and give the tissue time 
to repair and recover. 
Ifthe damage is severe, 
involvinga broken bone ora 
tear, medical intervention 
isnecessary to ensure 
proper healing, but for 
mostroutine 
injuries, at-home 

























Digestion halted 
The blood vessels constrict, 
diverting blood flow away 
from nonessential organs 
like the stomach, intestines, 
and kidneys. 
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Carmelita ‘The 
Jet’ Jeter 

Carmelita Jeter achieved the 
second-fastest recorded 
100-metre sprint, covering 
the distance in an incredible 
10.64 seconds. 






medical remediesare sufficient. The 
acronym RICE -for rest, ice, compression and 
elevation —is often used to remind people of 
the procedure in case ofan injury. Restto 
avoid further damage to the area, ice for pain 
relief, and compression and elevation to limit 
blood flowand bring down swelling. 

Non-steroidal anti-inflammatory drugs, 
like ibuprofen, can also help to reduce 
swelling and relieve pain, and 
physiotherapy can aid in restoring muscles 
and joints to normal function after the 
injury has healed. Gentle exercise is 
important to stretch and strengthen the 
area after the initial healing process. 














Florence 
Griffith-Joyner 
US athlete Florence 
GriffithJoyner set the world 
record for the women’s 
100-metre sprint in 1988 
with a time of 10.49 seconds. 
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Cool down -........ 
Blood vessels in the 
skin widen, allowing 
excess heat to 
escape to the 
environment. 


Lactate .. 
During strenuous 
exercise, lactate 
builds up as a 
buffer to reduce 
free acid produced 
in the muscles. 


During intense and prolonged 
exercise, your muscles demand 
more oxygen than your heart and 
lungs can supply, and they start to 
burn. This familiar sensation is 
often blamed on lactate. 

Lactate has a bad reputation and 
is widely criticised for being the 
cause of lactic acidosis; a painful 
build-up ofacid within the muscles 
leading to fatigue and muscle 
soreness, but in reality this ideaisa 
myth. The acid that causes muscles 
to burn is not caused by lactate, but 
isa normal side effect of energy use. 
Lactate actually acts to neutralise 
the acid, not to create it. 

During intense exercise, muscles 
demand huge quantities of the energy 
molecule ATP; each timea molecule is 
split, a hydrogen ion (H+) is released. If 
the muscle is receiving enough 
oxygen, this acid is used as part of the 
normal metabolic processes ofthe 
cell, butifnot, this acid starts to build 
up, causing the muscles to burn. As 
glucose is broken down to create 
more ATP, two molecules of pyruvate 
are generated. This pyruvate can hold 
onto two H+ molecules, mopping up 
the acid to become lactate, which 
itself can be broken down to produce 
more energy. 
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Continued metabolism 
Lactate is converted to carbon 
dioxide and water, which then 
leave the body through the breath. 


MUSCLE 
REC3)VERY 


When exercise ends, the muscles 
need time to rest and repair 


“Contrary to popular belief, 
lactate acts to ne [ 
the acid, not tqga 












Oxygen debt 

Oxygen is required to break down the 
lactate produced during intense exercise, 
so the athlete continues to breathe heavily. 


Post-exercise pain 
What happens to the muscles 
after exercise stops? 















Stretching 
There is no hard evidence that 
stretching helps to minimise the 
risk of injury or relieve the pain 
of post-exercise muscle pain. 


, Delayed onset 
muscle soreness 
If the microscopic 

structure of the muscles is 

damaged during exercise, 
the onset of pain is 
delayed, occurring one to 
two days later. 




































The more an endurance athlete 
trains, the better they become at 
using up the H+and the slower the 
lactate builds, meaning elite 
athletes can exercise for longer 
before feeling the burn. 

Several days after exercise there 
may bea different kind of painin the 
muscles, knownas delayed onset 
muscle soreness (DOMS). The precise 
mechanism is not known, butitis 
thought that during strenuous 
exercise, particularly involving 
movements that combine stretching 
with muscle contraction (suchas 
running downhill) micro-tears can 
occur within the muscle. The body 
responds with inflammation, filling 
the muscle with fluid, and taking 
immune cells with it to help repair 
the damage. This inflammation 
causes the muscle to becomestiffand Contractile proteins 
tender. The pain only occursa few The damaged muscle takes three 
days after exercise and disappears oe area a ote estes 
withinaweekasthe muscletissueis {9 the same type of damage. 
strengthened and repaired, lowering 
the likelihood of similar damage. 

Interestingly, very few 
randomised controlled studies have 
been done on stretching, but those 
that have suggest that it neither 
reduces pain after exercise, nor 
reduces the risk of injury. 


Inflammation 
As the damage is 
repaired, fluid floods in 
to the muscle tissue, 
causing it to become 
hard and tender. 


Mitochondria 
Muscle cells are powered by 
mitochondria, which release 

energy in the form of ATP. 


Microscopic damage 
The microscopic structure of the muscle 
can become damaged if the muscles are 
subjected to unfamiliar movements, 
particularly downhill running, 
climbing down stairs or 
lowering weights. 
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~ Swimming successis all about balancing ear sen 
reece ldeMnelanyeris et} drag 


Freestyle -also knownas the front crawl -is Sens This allows them to efficientlyslice High-tech 
BAM CTICcia ays eC MOaS\OUTOv eed betcetece) Meelis lob ev Lal Mmmm gov Colt Ong ATL andalso enables them to beateltcvetcl epee 
powerful arm movements witha flutter kick, reach farther with eacharm movement, pulling — swimwearhelp 


which keeps the legs up and minimises the oad e-te anaemia ens oe to decrease drag, 

frontal surface area exposed to the oncoming = BW eeconN lL ae raiurnsa nih part of andfull-bodysuits ~ 

water. Swimmers use theirhandsandforearms — thestory,andtheachievementsofeliteathletes compress the body intoa cylinder, preventing 

PRPC Cles to pull themselves through the are aided by technology in their clothes, and in reenter improving the hydrodynamic 

water, keeping the head in line with the the poolitself. Poolsaredesignedto minimise“ ~_ profilé of the athletes, allowing their bodies to 

straight body and facing down parE ite MSC R TSCM TCR Cd Tits move more easily through the water. These led to 

ofthe pool. markers help to prevent turbulence spreading many world records being broken in 2008 and 
With each stroke, freestyle swimmers rotate: from one swimmer to the next. The water levelis 2009, but the suits are now banned in competitive 

from side to side, using the core musclesintheir __ keptas high as possible to prevent waves swimming, helping to ensure achievements are 

backs and shoulders to contribute to each reflecting off the edges. based purely on athleticskill. # 





























Gliding through water 


See how two different stroke techniques 
- deep catch and skulling - maximise 
water caught and minimise drag 


Elbow up 
As the arm comes out of the water, the 
elbow comes out first minimising drag. 


S-shape 
The sculling stroke reduces 
{Yor UM Lael Rs (elem UL eer] nie] (0) 
endurance swimmers to go for 

longer without tiring, 


rll) 
MUM ao RO 
maximising the amount of water that 
can be pushed back with each stroke. 


Bol fe [Mel gr) ad 
iT eae CoM CCL 
they turn their head to the side, keeping 
the body balanced and streamlined. 


Toll] That] 
With a sculling stroke, the elbow 
is bent and the arm moves in an 

SSS oR alee ARMY = 1 clre 


Fingers first 
The fingertips enter the water first, 
slicing through the water. 


Head straight and down 
The head, legs and body are held ina 
straight line, keeping the swimmer 

streamlined and minimising drag. 
Deep catch 
In this stroke, the hand is pushed deep 
into the water, maximising the amount of 
fluid caught and producing more thrust. 


Paddle 
The hand and forearm are used together as 
a paddle to pull the body through the water. 


toy tM cco 4 


MMe Wm ce ace R Ue (aurea Clee Re lh 
or turn, and to drive the butterfly stroke forward 


eto wm a) 
The feet work together like the 
fin of a dolphin. During the kick 
they are kept pointed. 


Streamlined shape 

At the end of the stroke, the arms and 
torso of the swimmer form a straight 
line, and the head is tucked in, 









Simao) 

The upper body is tense and the 
hips are controlled - most of the 
movement is in the legs. 


acl Riles Like kicking a ball Power from the arms 





Quadriceps power 
As the legs straighten, water is forced The power comes from the There are two kicks per butterfly stroke, The power of the kick comes 
down and back by the feet, pushing hips and knees, which whip Ute are RU MuaCea ole UR CE 1ea Sire a Ml ol NR eR alle 1 Cat 
Dea RW NV an ln Um OlA Keel oN T-1Ke the lower legs forward. eR nn le fn a(toe which snap the legs straight. 5 
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TUNES 


You need neither a laboratory nora 
— degree in quantum physics for these... 





Modern science is steeped in the theories of the 


atu 


amaze andastound, they shouldall be 
eat ae ROU Re ene ee LC MET 
Pu ee Rts Sun LE ete 
parental supervision should be ensuredatall 
In this feature, the How It CTC MECC Ree nC eon 
traditional categories of chemistry, physics and Works team aimstoshowcasethe | sua IS SOs 
. - i ‘ : Se ‘ 5 TONS ce oer CT RC tS) 
| biology. Each area is broad enough to help organisethe _joy ofscientific experimentation, substance is mishandled or ingested. Itmustbe 
rae tl diverse and wondrous nature of the world around us. They aid with 20 of the very best ‘do it Ca uu aa RTE ee if 
So the pursuit of scientificknowledge forall, informationthatwe —_ yourself’ projects that anyone can sannotbe held reeponalbleforlnjiry or 
v— a 2 * distress caused by engaging inany of 
= can use to better understand the laws that govern us, the undertake in their own home. Using Mean cee nes 
= Earth, and the wider universe, as well as benefit us day-to-day. _ little more thana handful of household 
ox And thanks to a growing worldwide network of scientists products and everyday apparatus, these 
el pushing the boundaries of discovered knowledge, science is experiments are not only incredibly fun to 
= being continuously filled with new and exciting discoveries engage in, they also demonstrate fundamental scientific canal 
pst that would never have been dreamed of even 100 years ago. processes and help to highlight some of the forces and 
ae Excitingly, these discoveries are not exclusively available to substances that we make use of every day. From the power of 
= __justaselect circle of academics and scientists. Any one can steam and convection, through to the vibratory nature of 
aa embark ona mission of scientific discovery thanks to the sound and awesome effects of vacuums, and on to the 
41 =} fascinating process of experimentation, whereby a person can 
= 
—=__ simply imagine a scenario ora theory before going and testing 
= itthemselves. Indeed, it's thanks to individuals challenging 
a 


accepted norms and imagining a better world that some of 
society's greatest tools and machinery have been invented, 


moon to the simple light bulb illuminating a room. 
















tyona 
scale from one to five, five being the hardest. 














Time -This denotes the length of time 
needed to complete the experiment. 


G 









malleable nature of plastics (among many others), we hope 
that the following 20 projects help you to better understand 
how the world works and spur you on to perform your very 

own experiments. 
from the solid rocket boosters capable of taking a man to the 


So, what are you waiting for? Don that lab coat, put on those 


protective goggles and raid your kitchens and bathrooms, as 
adventure and knowledge awaits! 


















bre 
STN ChesCE OL WU LTS 
experimentsare guaranteed to 


Danger The danger level of the experi 
low, Amber=medium, Rt 
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Equipment [ds 


Cola | 
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Mentos and cola 


How well does this famous experiment 
work with other liquids? 


You may have seen this popular experiment 
loads of times before, but does it also work 
with other liquids? Here’s our step-by-step 
guide to how to test the Mentos and cola jet. 


elie Ls) [4 
NWfoyti Ce Kelertog ¥ 
ERA ea tLe 
ju use to 
tents 


else could 
(eas 
reaction? 





STEP1 

Place one of your fizzy drinks ona flat 
surface outside, away from any electrical 
equipment, and open the lid (ensure as 
little gas as possible escapes). 


e 
Regular Cola 


Moderate reaction 





‘s 
Lemonade 
WCE ETS Eat 
) 7 





STEP 2 

Align two toothpicks on top of the bottle, 
and place one of the Mentos between 
them. Take care not to drop itin. 


rT (3 
pe Stas 


Orang 





STEP3 

Quickly pull the toothpicks away 
and step back. Aftera second or \ 
two, the whole bottle fizzes up 

and the liquid shoots upwardsin 
avertical column. 


STEP 4 

Repeat the experiment with 
other fizzy drinks, and observe 
the different heights of the 
ejected liquids. 
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WHAT HAVE 
YOU LEARNED? 


This explosive reaction is due to the 
thousands of tiny pits, or dimples, on 
thesurface of the minty Mentos. The 
intensity of the reactionis 
determined by the surface tension of 
thesoda being used, ranging from 
the lowest (diet orangeade) to the 
highest (diet cola). As the Mentos 
come into contact with the soda, a 
hugenumber of bubblesare created 
at theirsurface, coveredina 
surfactant knownas ‘gum arabic’. 
These sweetsare dense, so they sink 
rapidly, producing more bubbles as 
they pass through the liquid that, in 
turn, create further bubbles. You can 
prove this by washing the Mentos in 
water before dropping them into the 
soda. The now-smooth sweets will 
produceno reaction. 

Why dosome drinks outperform 
others? It’s partly due to the presence 
of theartificial sweetener aspartame, 
which makes the surface tension of 
the liquid much less than withoutit. 
This was presentin our diet colaand 
lemonade, but not the regular cola or 
orangeade. The lower thesurface 
tensionin the liquid, the faster the 
bubbles can form. 


Works | 037 


pa 


@ 
antastic plast 


Understand the meaning of the phrase ‘plastic 





To start, take your saucepan and add four 
tablespoons of water anda single 
tablespoon of starch. Then adda teaspoon 
of vinegar and glycerine to the mixture and 
stir vigorously until itis completely mixed 


qa 


htt 


\\v 


together. 


stove ona low heat. Stir the mixture 
continuously as it warms up. As the 


be completely transparent. 
~- @2@@ 
e@ 
Rotting 
apples 
Learn about the 
\ science of decay and 


preservation witha 
single, shiny apple 





I 
\ | How lt Works | 





Now take the saucepan and place it on the 


mixture heats it will begin to transform 
~— froma murky liquidinto a clear gel. When 
the transition is complete, the gel should 


Take your four plastic cups and 
label them one to four. Next 
take your apple, cutit evenly 
into four segments and place 
each of the segments ina cup. 


Add the table salt, Epsom salt 
and baking soda to each of the 
cups except the fourth one- 
this will be your control 
segment to compare the other 
apple segments to. 


At tut! 


Equipment 


Saucepan 


le 
Food colouring ful 


tls | > 


Spatula 
Stove 
Starch 
Water 


Glycerine (from | 


apharmacy) 
Vinegar 
Tin foil 


ic 





When the gel turns clear and begins to bubble, add your food colouring 
and mixitin. Then take the saucepan off the stove and spread the gel 
across a sheet of tin foil into any shape you desire. Try to make itasthina 
spread as possible. Once achieved, leave the tin foil in asafe place for 24 
hours. If the experiment has been conducted properly, after this time the 
gel will have hardened into a sheet of homemade plastic. 
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This experiment helps demonstrate 
the ease of constructionand Pr 
versatility of plastic, highlighting the 
reason for its widespread usein. 
society. Plastics are made froma , 
variety ofsynthetic or organicsolids 
and typically are polymers ofa high 
molecular mass. Dueto this, they are 
very malleable, a quality for which 
they are prized, as they can be easily 
moulded, cast, pressed or extruded 
intoavariety of shapes. This makes 
plastic ideal for applications wherea 
lightweight flexible material is 
desired, suchas for fizzy drink 
bottles. This experiment shows both 
the malleable nature of plastic-ie 
howyou canspread itlikea paste into 
abespoke form -andalso how 
plastics are created by heating the 
rawingredients and dying them fora 
certain colour. Interestingly, plastics 
are broken down into two categories 
-thermoplastics and thermosetting 
polymers. The former are plastics that 
do change chemically when heated. 
and can bere-moulded continuously, 
while the latterare those that don’t 
change and can only be melted and 
moulded once. 





Organicsubstances can have their 
rate of decay either slowed or 
increased, dependent on the context 
of their storage. For example, table 
saltisa good preservative, as it 
removesall the moisture from the 
apple. Epsom salts, however, speed 
up therate of decay, while placing Pl 
apple in baking sodaseems tomerely 
changeits colour. The key to the rates 
of decay is how far they can protect t 
theapple segments against 
microorganisms, which thrivebestin 
hot, moisture-rich conditions. 
This is why refrigerators help slow 
decay,astheyremovemoisturefrom ‘ 
theatmosphere and reduce the 
ambient temperature. 5 











Equipment | 
i Afreshapple |_*® 
| Knife L 
Four plastic 
cups 
Table salt 
Epsomsalts 
(baths salts) 
Baking soda p 
Spoon F 





After leaving the 

cups for one 
weekinacool, 
dark place, take 
the four apple 
segments out of 
their cups and 
compare their 
varying degrees 
of decay. 
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Giant toothpaste 


Speed up the reaction of hydrogen 
peroxide to produce some impressive foam 


| 7 


r 





Pour about two tablespoons of 





Mix one tablespoon of yeast with 


hydrogen peroxide into the bottom of two ofhot -but not boiling - water. 


an empty plastic bottle. Add food 
colouring for aesthetic effects, anda 
tablespoon of washing-up liquid 

as well. 





Pour your yeast mixture into the 
bottle, but get ready because you're 
about to see the reaction in action... 


Equipment 
Empty plastic 
bottle 

Tray 

Food colouring 
Dryyeast 

Hot water 
Washing-up liquid 
Hydrogen peroxide 
solution (3-6% 
concentration 
fromapharmacy) 





The liquid in the bottle will now rise 
up and turn into a thick foam, safe to 
touch but not to ingest. 
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The main thing to note from this 
experimentis that the hydrogen 
peroxide is being made to decompose 
into oxygen and water very quickly, 
much moreso thatit would naturally 
ifleft tostand. This is made possible 
byaddinga catalyst, in this case 
yeast. This catalyst breaks the 
hydrogen peroxide down rapidly, 
resulting ina lot of oxygenand water 
being produced. By adding soap to 
this reaction, the release of oxygen 
turns thesoapy waterintoa 
multitude of tiny bubbles that 
resemble foam. These bubbles have 
nowhere to goand so they fire out of 
the bottle. Themore concentrated 
the hydrogen peroxide is the more 
oxygen it contains, releasing more 
ofitwhen thereaction occursand 
resulting inamore violent or 

larger reaction. 





liqui 


Make a liquid move 


through the entire 
pHscale 


_ 


al 





First, you need to make a universal 


indicator that will visualise the 
change in pH. To do this, soak two 
cups of chopped red cabbage in 
boiling water for ten minutes, and 
then pass it througha sieve to 


obtain the resultant purple liquid. 





Add om! of the universal indicator 


you made in step1,andstirthe 


mixture until it turns blue/purple, 


indicating an alkali pH. 


Milk ofmagnesia contains 
magnesium hydroxide, whichisa 
fairly strong alkali.Whena 
universal indicator is added, it 
shows the pH of themilk of 
magnesia solution, which will be 
somewhere above pH7. However, 
adding anacidsuch as vinegar 
neutralises thealkali. The 
universal indicator continues to 
show the pH level, andas moreacid 
isadded, thealkaliis overpowered. 
This means that the liquid will 
move down the pH scale, gaining 
acidity asitdoesso. 





Equipment - 
Red cabbage 
Saucepan 

Sieve 

Glass 

Milk of 
magnesia 
Vinegar 

Spoon 

Water 


Place 100m] of milk of magnesia 
inside a 500ml] beaker and mix with 
water until itis half full. 





Continue stirring your solution and 
start adding some vinegar, alittle at 
atime. Ifyou do it slowly enough, 
the mixture should change to light 
blue, then green, then yellow, and 
finally settle at red, indicating an 
acidic pH. 
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Equipment; } | Equipment E 


ae 4g : Two pencil 
Juice carton leas 
some Scissors 
‘tubing Matchbox 


es Discover how sound is generated with the aid centimetres) 


( , @ © of some basic electrical equipment Se Cue 
| 


Steam boat | 


Set sail for scientific knowledge by 
—— making this steam-powered boat 


Ss FE Mini microphone 230" 


| 
| 
(atrial bec aie candle Copper wire (30 


Snap two of your pencil leads so they are 
roughly 1cm longer than the trayand 
insert them through the holes. File down 
their tips with your pair of scissors to help. 








Take a matchbox and empty it. Then with 
your pencil pierce two holesat either end, 
roughly 3cm (1in) apart halfway up. 
Ensure the holes line up with each other. 





Snap the remaining lead so it lies across 


Take your copper wire and attach clipsto the two inserted leads, without touching : 


Take your cardboard juice Next, takethe hollow metal each of the six ends. Connect your battery the sides. Add some horizontal scratches. 
cartonandcutitintwo,asone tubingandwrapitarounda to one of the tray’s exterior leads as well as 
oftheresultanthalvesisgoing pentocreateashape that can the jack of the earphones. Using your last 
toact as the body ofa mini rest over the boat, but that also piece of wire, connect the other exterior : 
steamboat. When cutting, falls into the water and points lead to the headphone jack. Once the 
T ensure that the sides of the backwards. Youcouldalsouse = _circuitiscompleted, trytalkinginto the Whenyouspeak into the matchbox, the 
Fs j i ‘i i leads vibrate, anaction that pushes against 
cartonhalfyouchooseareat _ anNN-shape poking through the matchbox whilea friend listens. Eisele nacCTIs OH ltmea per SGA 
least 5cm (2in) high. back of the boat into the water. series of high-pressure compressions and 









low-pressure rarefactions vary the electric 

current flowing through the leads from the 
battery. Itis these variations in current that 
the earphones can convert back into sound. 








Once the metal tube is Pour water from your jug into 
fashioned correctly, use tape to _ the ends of your metal tubing 
stick it onto the boat. Next, stick until it’s full. Hold your fingers 
yourcandletothebaseofthe — overbothendsandplaceitin 
carton so that the wick is some water, such asa bath. 
directly beneath the middle of Take your fingers away, light 
the tube. The flameneedstobe the candleand wait a minute 

















abletoreachandheatthetube. forthe boat to move around. ¢ @ 
T | 
: | 
Water, when heated, is converted intosteam. Steam expands down themetal > . . . 
tubes, This forces the water out of the tube, granting the boata burst of Fillyour bottle three quarterswithwarm §Nowaddyourred food colouring tothe 
momentum. However, as thesteam leaves the metal tubing, the water coolsit as water. Add two heaped tablespoons of water, as well asa decent squirt of 
the candleis no longer close enough to heatit, causing the steam to condense back baking soda before applying the lidand washing-up liquid, before mixing the 
into water and lower the pressure inside the tubing. This causes water to be ixi < i 
eiraw i baci ine tic vibe ior fir ther beating The process thanvepesis Gar mixing the bottle untilthesodadissolves. bottle once more. 
= | | | | 
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Equipment 
Bakingsoda 
( Water 
@ G © Glass 
e e Grapejuice 
Cotton buds 
Invisible 
e 
x Learn how to make your 
own secret messages 
GRAPE JUICE CAN 
IN CLOTHING 





Mix equal parts baking soda 
and water, and collect some 


on the end ofa cotton swab. 





: LM 
Write your message ona piece 
of paperand allowitto dry 
until it has turned invisible. 
‘ 
Usea paintbrush to spread 
grape juice over your message. 
Watchas it reappears. 
| T] TT 


Uncover the mysteries of 
acids and bases with this 


miniature volcano 
y wig 
c¥ 


Put your tray ona flat surface before 
placing the bottle at the centre. Pile your 
sand up aroundit until you createa cone, 
with only a hole left at the bottle’s neck. 


faa EEE} 
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Thisisan example of 
acidsandalkalis 
reacting. Baking sodais 
analkali, witha pH 
higher than neutral7, 
whereas grape juice 
isanacid withapH 
below7.Whenthe 
twocomeinto contact, 
they react. In this 
instance, one ofthe 
results of the reaction is 
that thenewsolution 
changes colour. 





liquid 
Water 
Red food 
colouring 
Vinegar 
Tray 
Sand 


Take your vinegar 
and pourit liberally 
into the top ofthe 
cone. The vinegar 
will fall down into 
the bottle and cause 
an eruption ofred 
liquid to froth out 
and down the sides of 
the cone, justlikea 
mini volcano. 





o 
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Equipment 
Vacuum 
cleaner 
Tin foil 
Two 
cardboard 
tubes 
Socks 
Blu-Tack 
Cardboard 
Scissors 





Vacuum cannon 


Fire sock missiles thanks to the awesome power ofa vacuum 


Wrap your socks in foil so 
they forma tubular/circular 
missile. Ensure that the 
missile fits in the end of one 
ofyour cardboard tubes. 


be 


== 
Your tubes should 
slot together, with 
the 30cm (12in) 
tube clear. Tape 
the twoso the 
joining is airtight. 
Nowinsert the 
end ofthe 
vacuum’s hose 
into the other end 
ofthe semicircle 
tubeand tape 

the joining. 





Take one of the tubes and cut 
two curved semicircles in 
one ofits ends. Then trim the 
tube downat the other end to 
about 30cm (12in). 


Take the other tube and cuta 
hole in one ofits ends. The 
hole should be roughly 10cm 
(4in) in from the end of the 
tube. Slot the 30cm (12in) tube 
into the tube with the hole. 








Nowturnon 
your vacuum 
and placea 
piece of 
cardboard over 
the shorter end 
ofthe 3ocm(12in) 
tube. Hold your 
sock missile at 
the other end 
ofthe tube, 
aim ata target 
and release. 


This experiment helps demonstrate the effects of pressure changes withina local environment. By 
sucking theair out ofasealed tube, the pressure inside it drops, as thereis less air to fill thesame 
area of atmosphere. However, theair pressure outside the tube remains at an environmental 
constant, creating a large pressure differential. This differential means thatwhen the seal is broken 
onthe tube-ie, whenyou release the sock missile-the higher-pressure air forces itself forward to fill 
the low-pressurearea within the cannon. This propels the sock missile forward and out the other 


end of the tube. Interestingly, this is exactly how your vacuum cleaner works. 


Equipment 
Plastic bottle 
Bakingsoda 
Washing-up 







The eruption of the minivolcanois 
caused by the bringing together of 
anacidanda base. The vinegar 
contains aceticacid and the baking 
soda sodium bicarbonate (a base). 
They react to produce sodium 
acetate (asalt), as well as carbonic 
acid. The latter productis key tothe 
eruption, as carbonicacid breaks 
down in water into carbon dioxide, 
causing a gaseous frothing of the 
red solution up the inside of the 
bottleand out over thesides of the 
cone. This behaviour, according to 
the Brgnsted definition ofacidsand 
bases, is because bases decrease 
the concentration of hydrogen ions 
byaccepting them fromacids, 
which themselvesare defined by 
their ability to give them away. In. 
our example, this was shown by the 
baking sodaaccepting the carbonic 
acid’s hydrogenions, causing itto 
rapidly decompose inthe solution 
and release carbon dioxide. 





Cornflour 
Container 
Food colouring 





Water 






Can a liquid really support the weight of ahuman? 





Stirin about two parts Keep stirring and adding 
cornflour to one of water.Add —_cornflour/water until the 
food colouring if you want. liquid becomes thick. 


Give your liquid a squeeze, or 
step onit. The more pressure 
you apply, the more it solidifies. 





Newton’s laws dictate that the only thing that can change the viscosity ofa liquid 

is temperature. This type of liquid is commonly knownasa ‘non-Newtonian’ 

fluid, because of its apparent breaking of Newton’s rules. Starch particlesin the 

cornflour contain non-crystalline structures that can absorb water. Increasing s 4 

the force and pressure on thestarch-water mixture increases the number of these Letting go of the ‘solid’ will return it to a liquid again. 
/ structures that form, meaning more water is absorbed and the liquid appears to 

S be thicker, oralmostsolid. Release this pressure and thestructures disappear, 








allowing the water to spread out again and return the mixture toa liquid. 


© (™ DON’T PLAY WITH MATCHES 


Balancing act 


Make forks balance in 


mid-air, all thanks to gravity 


STEP1 
Wedge the forks together at 
their spokes. You might want 
to avoid using your best set. 





Insert a toothpick between 
the forks at a middle point, 
and find the balance point of 
the combined toothpick 
and forks. 

STEP3 


Rest the toothpick and forks 


on the edge ofa glass. It might 


be tough, but eventually you 


should be able to get the whole 


thing balanced. 


STEP 4 


Light a match and burn the end 


of the toothpick in the glass. 
It'll burn down to the edge of 
the glass and then stop. 











Equipment 
Two forks 
Toothpick 
Glass 

Match 





or othe 






Teeyti Ce hyontt 





This experimentis all 
about the centre of 
gravity. The centre of 
gravity ofan objectis the 
pointatwhich the 
majority ofits massis 
located. By combining 
the forks, we've given 

oe them anew centre of 
You'll now gravity. This pointis 
findthatthe —_ wherethe forkswill 
whole appear to balanceinall 

5 directions, inthis 

contraption instance directly below 
appears to the toothpick resting on 
bebalanced _ therimoftheglass. 





Burning offtheend of 
onal most the toothpick makes no 
nothing. difference-the whole 

thingis balanced 

around a central point. 





Neila 
Oe @ ita 


Might 
eer ahells ae 


Discover the awesome power __ selitape 
ofcertain geometricalshapes &._,. 
with four eggs 


Heavy objects 
STEP1 planters, 


(bricks, 
Taking one ofyour four eggs, books) 
carefully tap the pointy end ona 
table until a small hole is created. 
The main body of the eggshell needs 
to remain as much intactas possible, 
so take your time and try to extract 
the egg’s contents with minimum of 
collateral damage. 


“RHA RAn eR arna a 







Next, taking the empty egg shell, 
stick a piece of sellotape around its 
centreand then drawa linein the 
centre ofthe band of tape. 
Depending on the size of your 
eggshell, it may be worth adding 
another layer of tape for stability. 


STEP3 —_ >» 

Once the eggshell is taped, ——S>_——__——— 
carefully break offall remaining 
pieces of eggshell from the pointy 
end up to the taped line. Then, 
taking your scissors, cut around the 
line so that youare left with an 
even dome of shell. Finally, remove 
the remaining tape from the dome. 
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Blast off to planet science with Isaac Newton’s laws of motion 





Take your cork 
andinsertthe air 
pump’s needle 
through it 
lengthways. If 
the needle is too 
short, cut the 
cork down until 
it pops out of 

the end. 











TEP 4 

You now need to do the same for all three of the 
remaining eggs, ensuring all are of the same 
height. Once you have four completed egg domes, 
lay them out ona clear table ina rectangle. 
Ensure that there are no obstacles or valuables in 
the vicinity. Then, taking your heavy objects one 
by one, try stacking them on top of the eggs shells. 
Amazingly, ifyou have prepared correctly, the 
domes take an unbelievable amount of weight. 





This experiment vividly demonstrates theinherentstrengthin 
specificshapes. The dome’s arch is one of these shapes, asany 
weight placed upon its apexis spread evenly throughoutits 
curve. If placed onasingle complete egg, the downward force of 
the heavy planter would cause it tosmash instantly. However, 
when placed on top of four even-height domes, the forceis 
balanced and distributed by their series of arches. This 
principle is why bridges are commonly built with anarch 
structure, as it helps evenly distribute the load of whatitis 
supporting into the earth. Other shapessuchastrianglesalso 
share this inherent ability toabsorb and distribute loads, as 
can beseen inskyscraper supports and the Eiffel Tower. 


i 














FORCE “ ON 
Water rocket 
) 
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Equipment — 
Plastic bottle 
Card 

Sellotape 

Cork 

Airpump 

(needle 

adaptor) 

Water 

























STEP 2 STI 

Take your sheet of Turn the bottle 
card and cut four the right way 
stabiliser finsand Boga upand fillit 


acurved dome 
for your bottle. 
These will make 
the bottle look 


one-quarter full 
with water. Now 
take your cork 

and push it into 








like asmall rocket the opening. 
andallowitto The cork must fit 
stand freely. very tightly. — 


Once this is achieved, connect 
your air pump to the needle 
adaptor and turn the rocket over 
so thatit rests on its fins. Then, 
making sure you areinan open, 
outdoor environment, place the 
rocket on the earth and begin to 
pump airinto the bottle. While 
pumping, ensure that you stand 
well back from the rocket. If the 
setup is correct your rocket will 
blast off, shooting up into the air. 











ee at 
YOU AIM YOUR ROCKET! 











Regardless of thesizeand scale ofa rocket-ranging from theawesome 
solid-state rocket boosters used on NASA shuttle launches to thissmall 
bottle rocket-Isaac Newton's laws of motion remain constant. These state 
that any object will remainin one position unless a force acts uponit. 
When that forceacts upon an objectitmakes it changespeed or direction, 
and finally that when the force acts upon the object, the object willmove 
inthe opposite direction with equal force. This is clearly demonstrated in 
this experiment. When the rocketis initially placed down, there isno 
force acting upon it-unless of course the wind blows it over-soitremains 
stationary. However, as pumping begins, pressure is built up inside the 
bottle and the force of theair pushing on the contained water finally 
becomes too much for the cork to contain. This causes the cork to be 
pushed out of the bottle’s neck and the water torush outat high pressure 
inone direction. Consistent with Newton's third law, the bottleisthen 
propelled with an equal force in the other, launchingitinto the air. 
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small las QO ?@ @ LE] Thm 
oe | ee 
‘icky tape 
Food colouring * Whatifyou reverse 
pote Lo Liquid layers 
Cold water rsunyelsseclaticocra Ita da ae 3 
Knife/skewer | Suey) See density in action by Vee 


making a tower of liquids _ What otherliquids 


d objects could you 
STEP1 - + use? How many different 

foc nuectan currents Starting with the syrup, = discernible layers do you 
| pour the liquids into the Edevbvcavelemeeyil Cebit 

Discover how a and cold liquids interact centre ofthe container, [—_—°—er into.a cylinder of 

STEP1 — making sure they don’t a 

Heat water but do not 3 touch the side (as this 

boil it, and pouritintoa could ruin results later). ‘ Pers ert Pate 

cup or glass smaller than = ——_——- STEP2 

pee Blass jar. pe $ Work down the list of 

es = cant ae h R fom / ingredients from syrup 

y oa cover the cup wit 3 in order, as perstep 1. Ret 

aticigy epe. \ We added food colouring Ces 

STEP 2 , tosome of our liquids to 

Put the cup at the bottom make the separation 


more obvious. 


ofthe glass jar and fill the , 
jar with cold water, being STEP3 
careful not to mix water Nowyou should have 
from the cup and the jar. several layers of liquid. 
Any liquids that have 
STEP3 4 mixed should separate 
Pierce the tape on : over time. 
| thecupinthejarwitha wht ; 
| knife and observe the : STEP 4 ra ashe 















Clear 
cylindrical 
container 
Drop your objects in one Butane 
coloured water moving : (lighter fluid) 
| outofthe cup, eventually WHAT HAVE YOU __ byone.We'veusedsome Surgical spirit 
| changing the colour of the LEARNED? heavy and some light Vegetable oil 
| jar’swater. Heat earinigre throush gasesand © ones to geta nice spread. pT a) Water 
| ’ qui i i Golden syrup 
@ } liquids by convection.Aheatedgasor | Makesure youstartwith p Fl 
e liquidwillrisein thesame medium, those that are denser. Food colouring | , 
“= suchasahotairballoon,becauseheat _ Various . a 
*  causesit to expandand becomeless STEP5 smallobjects | 


dense. Colder air or liquid will fall to if Voila! Your liquid layer 
replaceit, creating whatisknownasa is 
‘convection current’. 


Equipment Bees [WHAT HAVE YOU LEARNED? 


glasses E ET a rl) 9 Thesame amount of two or more liquids with different masses will rest at different 
Blue food eta Closer aan levels ifmixed, because the heavier ones havea higher density and vice versa. Lighter 


© toweris complete. 








colourin; - liquids'‘sit’ on the heavier ones, as they are unable tomove through them. Densityisa 
B Selma nen (oe Ol AAA 

Awhite flower i $ bad measure of how much mass is squashed intoa particular volume (mass divided by 
withlongstem — Teg eRe eRe volume). If two liquids have the same volume but different densities, the one with the 
Sellotape ; different-coloured dyed higher density will be heavier, asmore massis packed into the same volume. 

Craft knife solutions? Do the pe 

Water ; Cae) oltre T Nees Ones) 





change from petal 


Qe Eni a er 
Multicolour flower 





WHAT HAVE 
YOU 
LEARNED? 













This demonstrates the 
mechanism that plants use 
i i toabsorb water from thei 
Learn about plant anatomy with this STEP3 eeeaiaten thins 
technicolour scientific test Add the flower’shalf-stems etn 
‘ to the water, one side in the dyed through their ees the 
TEP 1 ‘ water. Place the flower outside in xylem, a series of 
_ First, take your white flower and ? the sun. After one hour, returnand vertically-arranged cells 
| your craft knife and carefully slice check the flower’s petals. thatrun from root to tip. 
its stem into two equal parts. When Recon ae 
7 absorbed by the plant this 
cutting, stop when half of the stem STEP2 way and help it growand 
is split. Once this is done, ‘ Fill both glasses two-thirds full produce leaves and petals 
wrap apiece of tape around with tap water and add your food ae os nests the 
. ire irom 
the stem where the cut colouring to one of them. Addas Halawea) Beto a 
stops in order to much food colouring as you can, as evaporation from sunlight, 
prevent further . i its intensity will determine the morewateris continuously 
A ‘ + drawn up through the 
separation. “=~. visual outcome of the experiment. Begin experiment, 
' " half of the water being 
+ tae 7 —, ii 5 ey ee "==" drawnupviathexylemis 
It Works Www.Hov Coloured, causing thepetals 


toabsorb the dye. 
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Egg 
ina 
bottle 


Is it really possible to 


get an egg intoa bottle 
with heat alone? 


STEP1 

Boil an egg in water for about 
five minutes. Let it cool and 
then peel off the outer shell. 


= 





STEP 2 

Light two matches and drop 
them into the bottle, placing 
the egg on top. The neck must 
besmallerthan the egg. 





STEP3 

Wait a few seconds after the 
matches go out, and the egg 
will be pulled into the bottle. 


STEP4 

To get the egg back out, blow 
hard into the bottle to increase 
the air pressure. 


Element METir |) [ad 
Glass bottle Could you use 
Matches eyiica abet eeo enolase 
Water fa ot-boeetal ob erl 
Saucepan Troe cette 





WHAT HAVE YOU 
LEARNED? 


The lit matches heat the air inside the 
bottle. This hot air expands and leaves 
the bottle, being replaced by cooler air 
(see our convection currents 
experiment for another example of this 
inaction). This is because theairinside 
the bottleis nowat a lower pressure 
than thatinside. Higher pressure air 
outside tries tomove into the bottle 
and, as it does so, forces the egg inside. 


| 
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e Washing-up LEARNED? pcsd/ Ata (Colour-changing 
iquii e ‘ 0 liquit 
tic liquid It’sglycerin that’s the Aerial aise inant ties 


Beaker secretingredienthere. thanneutral7/Achemicalsubstance 
Water Bubbles OEE. witha pH greater thanneutral7 
Glycerin Seance ens : Ambient (density and pressure) 
;, but glycerin 
Tablespoon. evaporates, Intermsof pressure, itsambient 
bubb es 2 drawsinmorewater-a quality refers to theamountof 
process KW as a pressurised force placed uponan 
7 7 ‘hydroscopy’ -from the object from thesurrounding medium. 
Create some impressive aed Secon een 
big bubbles, thanks toa environmentand Ingeometry, anapexisa comer or 
i Fee prolongs their life. intersection ofa shape thatis higher 
unique stabilising agent thanallothers. : 
Catalyst (Giant toothpaste) 


STEP1 

Mix about 250ml of water with 
two tablespoons (30m) of 
washing-up liquid and one 
tablespoon (15ml) of glycerin. 
Stiruntil all the glycerin has 
mixed in. 


STEP3 


STEP2 Asubstance thataccelerates the rate of 


‘. + ; achemical reaction without 
Dip astraw into your solution hanceradrie arn peeearer chanel 
and start blowing some 


Compound (Erupting volcano) 
bubbles. You should find that Achemical compoundisa pure 
substance that consists of twoormore 
the bubbles are stronger than different chemical clensettal 
normal bubblesthatyoucould — ¢ondensation (Steam boat) 
make with washing-up liquid.  Thechangeof matter’sphysical state 


froma gaseous phase intoa liquid 
phase, Water vapour condenses into 





Trystretchinga bubble were eee _. a 
between two straws. You Seater 
should find that their er materials to rise, and colder, denser 
. ariables liquidsand, 
gases tosink due to gravity, 

strength allows them ‘ What happensif often resulting ina transfer of heat. 
to bestretched into an SGIWESViT= eit) \ Force (Water rocket) 
oval shape. Wa, Any typeof influence that causesan 

\ tto und hangeinshape, 
STEP 4 J n and washing-up eatnanecrae nee 


See how big you can blowa f liquid? Implosion cn cee 

: Aconcentration of matterand energy 
bubble ona tray or other clean due to inwardly pushing forces 
surface (dirt will still cause 


resulting in the collapse of an object, 
them to pop). You'll find that directly opposite toan explosion. 





tons (Mini mic) 
the bubbles last much longer Inttaten Gebers vehiere the teal 
thannormal. number of possessed electronsisnot 


equal to the total number of possessed 
protons, consequently giving itanet 
positive or negative electrical charge. 
Photosynthesis (Flower) 
Achemical processinwhich carbon 


OC @ AES - 
= al bella] E) HO . dioxide in the atmosphere is converted 


Instant can crusher chased nds 


























H t 1 2 1 a Polymer (Fantastic plastic) 
wn 5 Asyntheticor organicsubstance that 
ow to Make your O Implosion Equipment Asynthetcor organicsubetance 
Sodacan primarily (or totally) of identicaland 
STEP1 Water repeatingbonded units. = 
Empty the soda can and Bowl Surface tension (Mentos & cola) 
then add about three Ice Heteee orattraction of particles 
teaspoons of water. SIS MICS 


Acompound that lowers the surface 


STEP 2 tension ofa liquid. Dueto this property, 
Filla bowl with water. ya cereer eee 
We addedice cubes to eee oe oe 
Tablespoon (various) 
lower the temperature. One tablespoon ofalliquidis equal to 
ae s = 
STEP3 Vacuum (Vacuum cannon) 


Place the can ona hob 
or stove (must not be 


Avolume of space thatis empty of 
matterand hasa gaseous pressure that 
issignificantly less than that of 


gas), on medium heat. standard atmospheric pressure. 
Volume (Liquid layers) 
STEP4 Thespace an object/gas occupies. 
Pick up the can with 
metal tongs no more 
thana minute after you 2? 
hear the water boiling. Variables WHAT HAVE YOU LEARNED * 
As thewaterwas boiled in the can, it turned froma liquid toa gas, 

STEP5 AW deter gyevenrts | forming steam inside the can. However, when the can was turned 
T : ide d d quickl eT ene lt II Cet upside downand placed in the water, this steam turned backinto 

urn it upside down and quickly you still crush the aliquid. The change froma gas pushing outwards intoaliquid 


caused an implosion. Theair pressure of the can dropped 
compared to that outside, soas theairrushed init collapsedit. 


plunge it into the bowl of water, 


where it will instantly be crushed. Sg 
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Ui 
FOOTSTEPS 


hose inspired 
y their work 


physicist has acknowledged 
adebt to Einstein. Most 
famous for his theorems 
regarding gravitational 
singularities, Hawking has 
published many books, his 
Pitecie rereitel tsp aT ce 
History Of Time. Inarecent 
an VAN uUeW EMME) 
ETI Ccte AMUerlan haves E-13}\4 
E Seog 
today, Hawking: 


would ask him why he didn’t 


believe in black holes.” 


Carl Sagan 


Americanastrophysicist Carl 


Sagan often commented on 
theimportance of Einstein 
EYRE RE BUC ee uae gens 
Pome ise elem ec itatsd 
that: “Those afraid of the 
Phot ees acl NeCR UT 
RMON sD ace AMO UTE) 
ofsuperstition. But those 
with the courage to explore 
the weave and structure of 
the cosmos will p 
So etosia encod 





1879 


Einstein is born on14Marchin 


Ulm, Germany. 


A life’s work 
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The foremost scientist of his age, 
Einstein is considered the most’ 
influential physicist of all time 

Albert Einstein was born on 14 March 1879, in Ulm, 

Germany. He is considered the most influential 

physicist of the 20th Century, formulating both the 

# theories of special and general relativity, concepts 

that still underpin much in the fields of physics and astrophysics 
today. In 1921 he was awarded the prestigious Nobel Prize in 
Physics for his explanation of the photoelectric effect-a process 
where electrically charged particles are released froma 
substance when exposed to electromagnetic radiation. 

Einstein’s first real contact with science came when he wasa 
young boy, instigated by his intrigue with his father’s compass. 
Confused by the invisible forces that seemed to be acting upon 
the needle, he went through his early years fascinated by such 
forces. Spurred on by reading the work of Aaron Bernstein, 
which introduced him to the concepts of electricity and light, 
Einstein dedicated his later teenage years to the nature of light, 
writing a scientific paper entitled ‘The Investigation Of The State 
OfAether In Magnetic Fields’. 

Despite a great love for the sciences, Einstein unfortunately 
hada troubled education. He frequently skipped classes while 
attending the Swiss Federal Polytechnic School, and his father’s 
failed business led to much disruption, with Einstein having to 
move frequently. This led to a period where he was forced to 
take a position at the Swiss patent office in Bern, a role 
significantly less prestigious than his desired doctorate. 

In hindsight, though, the position at the patent office was 
ideal, as the work left much time for him to theorise on the 
properties and nature of light. Then, suddenly, in 1905 Einstein 
made a breakthrough, starting what is now termed his ‘miracle 
year’. In that time he published four papers: the first on the 
photoelectric effect, the second on the existence of atoms, the 
third introducing the mathematical theory of special relativity 
and the fourth on the theory of relativity. Famously, Einstein 
published the last paper almost as an afterthought, despite it 
containing the key equation for which he is famous: E=mc*. 

At first the scientific establishment ignored Einstein's papers. 
Fortunately, though, they caught the attention ofthe foremost 
scientist of the age: Max Planck, the founder of quantum 
theory. Through Planck, Einstein became a respected 
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1896 


After renouncing his citizenship in the German 


1906 1908 


Kingdom of Wiirttemberg to avoid military service, tJ ’ He becomes 
Einstein enrolled ina four-year mathematicsand Einstein receivesadoctoraldegree —_lectureratthe 
physics teaching coursein Zurich. from the University of Zurich. University of Bern. 1911 


1905 


With his family, Einstein 
Referred toas hisannus mirabilis (miracle year), 1905 proved to moves to Prague, where 
be Einstein's most productive, releasing four groundbreaking heactsas professorat 
papers on the photoelectric effect, Brownian motion, special the Karl-Ferdinand 
relativity and the equivalence of matter and energy. University. 
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Einstein renounced his 
German citizenship in 1896 to 
avoid military service 







ae. 
DR. 


Nindergarten 


se SAeaRU ORME ANIC) 
wasa global icon, and his death 
in1955 was front-page news 


1915 


= The site Sun 


Tots to Get = 
Free Vaecine .— 


E=mc? 


This equation shows that the increased 
relativisticmass ofa body comes from the 
energy of motion of it when divided by the 
speed oflight squared. It shows that mass 
and energy are the same physical entity and 
can be changed into each other directly. 


member ofthe international community, 
attending the prestigious Solvay conferences 
and being offered increasingly important 
positions at Europe's foremost universities. 

After completing his theory of general 
relativity in November 1915, Einstein's work 
was interrupted by World War I. Beinga 
life-long pacifist, Einstein opposed the war and 
spoke frequently on its folly. After its 
conclusion, Einstein toured the world, but his 
period away from Europe was soon to be made 
permanent, with Einstein fleeing Nazi 
Germany in 1933. He settled in America and was 
granted US citizenship in 1940. 

While in America, though he was not 
immediately convinced that an atomic bomb 
was possible, Einstein had encouraged the US 
government, including personally writing to 
President Roosevelt, to research nuclear chain 
reactions using uranium in response to 
German advances in the field. He did not work 
directly on the project to build a bomb, despite 
it being heavily based on his own work. 
According to reports, Einstein was on vacation 
when the first atomic bomb was dropped on 


rewes~ 


[ar 


EINSTEIN IS DEAD AT 76 


Proves Fatal 








pinsteins former summer home in® 
Germany Was¢onfiscated by the 

is and is currentlythe subject 
ofalegal battle over its ownership. 


Hiroshima, Japan. This action andits 
aftermath led to him undertaking anti-nuclear 
campaigns and lectures for the rest of his life. 

Einstein’s later years saw him pioneer 
numerous key theories including wormholes, 
multi-dimensional models and the possibility 
of time travel, as well as discovering his unified 
field theory. The latter was to be anall- 
embracing theory that would unify the forces 
of the universe and physics into one 
framework. The theory was never completed, 
however, with Einstein dying of an aortic 
aneurysm in 1955. Despite this, his huge legacy 
of work endures to this day, with many of his 
predictions ratified and built upon by the 
current generation of scientists. 


“Tn 1905 Einstein made a 


breakt rOugH Soar what is 
now termed his ‘miracle year’” 


1921 1933 b 
Einsteinand his family flee ; 


wAWo)belCorecr umes areca 
receiving his United States 
citizenship papersin 1940 





Boy of few words 
According to reports, 
Einsteinseldomspokeasa 
childandwhen he did, itwas 
very slowly. Accounts state he 
did this until hewasnine. 


Point of inspiration 
Einstein's interest in science 
was reportedly sparked by 
his father’s compass. At the 
age of five he thought there 
must besome forcein the 
apparently empty space that 
acted on theneedle. 


Slow to start 

Einstein did not receive 
outstanding grades while at 
schooland when heleft could 
notgeta university position. 
Instead he went to work in 
the Swiss patent office. 


Nuclear pacifist 
Einstein wasa pacifistand 
whileinitially supporting the 
use of atomicweaponsasa 
deterrent, later campaigned 
fornuclear disarmamentand 
world peace. 


Man with two brains 
After his deathin1955, 
Einstein’s brain was 
removed for preservation by 
Thomas Stoltz Harveyinan 
attempt to discover what 
made himsointelligent. 


_— 


1955 


Einstein completes his a6yearsafterits publicationin 2 Attheage of 76, 

1912 general theory of relativity. 1919 1905, EinsteinwinstheNobel from Nazi Germany tosettle Einstein dies from 
; f Prizein Physics for his work inthe United States. He heart failureat 

Afterasingleyearin Asolar eclipse onthe photoelectric effect. takesapostat the Institute 1939 Princeton Hospital. 
Prague, Einstein moves provides dramatic of Advanced Study at . 
back to Switzerland, observable evidence Princeton University. Fearing the Nazis would develop the i & . 
taking upa professorship that hisgeneral world’s firstatomic bombs, Einstein | 
athis alma mater, the theory of relativityis writes to US President Franklin Delano 
Swiss Federal Institute of correct, making hima Roosevelt, urging him tolaunchan 
Technology in Zurich. worldwide celebrity. American program of nuclear research. -_ 
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“The largest x-ray 
generator on Earth” 


- to the world’senergy shortage 


The electrifying Z machine is 

actually an x-ray generator, the 

largest on Earth. Itis operated by 

Sandia National Laboratories from 

the company’s main site in New Mexico. The 
machine is designed to test materialsin 
conditions of extreme temperature and 
pressure. 

The machine looks like something froma 
science-fiction movie with pulsing purple 
tubes. It sends a powerful electrical discharge 
into thin tungsten wires, which then vaporise 
andare transformed into a cylindrical plasma 
curtain. The machine uses az-pinch process of 
fusion, a ‘pinch’ being what happens when you 
run current through plasma, and Z referring to 
the direction in cylindrical geometry. 

Sandiarunsa Z-Pinch Inertial Fusion Energy 
program (Z-IFE) in an attempt to harness fusion 
power. The Z machine can runat ultra-high 
temperatures, opening the theoretical 
possibilities of achieving fusion of light 
hydrogen atoms with lithium or boron, which 
would have no nuclear waste - clean fusion and 
the potential to create unlimited electrical 
power from seawater. Its achievements to date 
include melting diamond, shooting plates faster 
than the Earth moves through space and 
reaching the temperature of the Sun. 
Practically, it has allowed scientists to estimate 
conditions similar to the core of Jupiter and the 
surface of Neptune for astronomers to study. It 
couldalso enable the simulation of the effects of 
nuclear weaponry, meaning that they don’t 
need to be physically tested. 

Advances in the field back in the late Nineties 
meant that the machine was capable of 
outputting an x-ray power of 290 trillion watts, 
equivalent to 80 times the world’s output of 
electricity. It begana retrofit program in 2004 to 
increase its power further, which was 
completed in October 2007 and reopened 
officially in February 2008. This increased the 
output from 18 million amperes to 26 million 
amperes (bearing in mind a120-watt light bulb 
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Book 
The machine was constructed 4 The 
ie Fusion 


The centre ofthis chamber can 
._ reach extraordinarily 
high temperatures 


‘of Sandia National Labs 
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“Tectonic plates are in constant 
motion, pepelee by currents in 
's upper mantle” 


the Eart 





Revealing the crazy chemistry at work 
behind really big bangs 





but we experience explosions all the 

time. From the intentional ones, such 
as your car’s internal combustion engine, to the 
kind we can’t ignore, like violent blasts of ash 
and magma spewing from a volcano ora 
fireball the size of the Sun in a Hollywood 
blockbuster. This sudden release of energy, 
combined with scalding temperatures and 
expanding gas, occurs when an explosive has 
reacted with a detonator, which is often a spark 
ora flame. 

Explosions blow things up because the sheer 
force and speed of the expansion pushes them 
out, like blowing up an inflatable ball until it 
pops. The only difference is that blowing upa 
ball happens a lot more slowly! The billowy 
flame that usually comes with an explosion is 
from that spark igniting and being carried 
outward by the expanding gas, while the 


ee We might not hear an almighty bang, 
oad 


deafening boom is caused by airwaves 
travelling at incredible speeds. 

Explosive materials are categorised as ‘high’ 
or ‘low’ explosives, according to the speed at 
which they expand. Materials that detonate by 
an explosive shock wave are classed as high 
(oqo) (SS acm olsrercletommetene@etcoreb ect Bcsr-(a alee) 
moves faster than the speed of sound. Low 
explosives, on the other hand, are materials 
that deflagrate, or ‘burn down.’ This is when 
combustion moves through a gas or an 
explosive material at subsonic speeds. For this 
reason they're better at moving objects, like in 
an internal combustion engine or fireworks. 
Deflagration systems are often found in the 
kind of explosives we use for constructive 
reasons, such as demolition and mining. They 
rely on us being able to control explosions, and 
you can discover exactly how we do this over 
Taibo <a) Go-To 





sae When a meteoroid slammed through the Earth’s atmosphere and 
exploded mid-air over Russia in 1908, creating a blast estimated at 300 


LOUD NOISES decibels. It released the same energy as 185 Hiroshima bombs. 
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“Around 200 BCE, the Chinese noticed 
that bomboo sticks in their bonfires 


exploded with a bang” 


Vr 


Fireworks were first invented by the Chinese, 
pretty much by accident. Around 200 BCE, they 
noticed that bamboo sticks in their bonfires 
exploded with a bang. This happened because 
the fast-growing bamboo traps pockets of air 
inside its stalks, so when the oxygen comes into 
contact with the fire, a huge reaction takes place, 
resulting in lightand sound. 

Mone eb retsom ele aaer een tadsoa titel 
created the first form of gunpowder, mixing 
sulphur, saltpetre (potassium nitrate), arsenic 
disulphide and honey. When set on fire, this 
produced an explosion caused by the sulphur 
and honey acting as the energy source for the 
reaction and the potassium nitrate providing the 
oxygen. Honey was replaced with energy-dense 
charcoal and the mixture was put in tubes and 
angled at enemies who were terrified by the loud 
bangs and bright sparks. At this point, fireworks 
divided into weaponry and spectacular 
crowd-pleasing displays. 

In the 1830s, scientists in Italy realised that by 
adding a metallic salt like strontium or barium 
and chlorine powder, the light that was created 
took on the colour of the salt. Slow-burning 
gunpowder was used asa fuse to fire the rocket 
into the air, while inside, potassium-rich 
gunpowder allowed for a bigger reaction, faster 
and hotter with a more impressive explosion. 

Fireworks are a scientific marvel, taking an 
example of nature - the oxygen ina bamboo 
stick causing an explosive reaction -and turning 
itintoaspectacle. # 


Anatomy of a firework 


Ignition -- 

Once the spark reacts with 
the gunpowder in the middle 
of the firework it causes an 
intense reaction and the 
gunpowder explodes outward 
in a shower of light. 


Coloured chemicals - --- 
This layer has coloured salts 
reacting with the gunpowder, 
producing the different coloured 
sparks. The very middle of the 
firework houses a small shell that 
produces the signature bang. 


What makes the colours? 


We go inside the 
firework to see h 


Copper (blue) 


Despite being 
reddish-brown in 


colour, copper 
emits blue light 
when it burns. 









































vibrant explosion of a 
aia el NANO cy 


Strontium 
(red) 
Strontium is the 
reddish element 
that creates the 
warm red light of 
a firework. 


: Liftoff 

The firework is blown into the 
sky from a mortar - essentially a 
tube with more gunpowder at 
the bottom. Once lit, the 
combustion spreads to the next 
layer of material and ignites it. 


*- Shell 

A modern firework has a plastic 
shell, which will explode once 
the charge ignites the 
gunpowder in the middle of the 
firework. This burns slowly as 
the firework is blown into the air. 
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Chocolate 5 Cheese © Cuckoo clocks 


Sodium 


(yellow) 

jet | Thescale of 
element creates 5 = 
a yellow light t t 
when reacting reac IVI y 
with gunpowder. 
Certain elements are more reactive 
than others because they have a 
spare electron. Atoms like to have 
a full shell of electrons as this is 
Barium what makes them stable. Ifan atom 
(green) has seven out ofa possible eight 
This silvery-grey Vance SN ETI la Seren 
alkali metal oxidises orate 4 5 7 
rapidly, creating a it will do all it can to gain that final 
green light. electron. Likewise, an atom witha 
single electron in its outer shell 
will try hard to lose it. Fluorine is 
the most reactive element of all, 
with an unmatched ability to 


Xi Elaaes (aes) (eects 
a pls ie) 
strontium (purple) “ 
No single element can Most reactive 
create a violet burst, but 
mixing copper and 
strontium will create a 
rich purple. 


Calcium (orange) 
Another alkali metal, eo 
calcium reacts with 0 aoe 
reasonable strength, 
therefore providing an 
orange light to displays. 





What makes a bang? 


You start off with an element, such as 
magnesium, that is made up of a large number of 
molecules that contain electrons, protons and 
neutrons. The spark of fire will heat up the 
electrons and excite them. As they get more 
i, = excited, they are released from their molecular 
Magnesium bonds. This results in both a physical movement 
(white) of the electrons away from the nucleus and a 
The intense, a, release of the energy that has built up during the 
incredibly hot heating stage. The energy released can trigger 
reaction with 3 : ™ further interactions, in turn creating a chain 
Magnesium creates reaction. The higher the initial energy of the 
a white-hot light. spark, the quicker the electrons get excited, 
resulting in a more violent explosion. 





“As [the magma] grows, little pocke 
of gas begin to form and rise, much 
like in a bottle of fizzy drink" 


Volcanoes are some of the most massively 
destructive things in nature, with the ability to 
spew tons of red-hot magma for miles, leading 
to chaos and destruction. The reason behind 
what causes this is down to pressure. The 
magma, which is less dense than the rocks 
around it, rises to the top of the volcano. 

As it grows, little pockets of gas begin to form 
and rise, much like in a bottle of fizzy drink. 
This increases the pressure inside the volcano 
more and more, until eventually the pressure is 
unbearable and, just like when you take the lid 
offthat fizzy drink, it explodes high into the 


sky. However, the material that explodes isn’t 
sweetened carbonated liquid, but 1,300-degree- 
Celsius (2,372-degree-Fahrenheit) molten rock, 
hot gas and ash that has been known to go as 
high as 45 kilometres (28 miles). As soon as it 
explodes out of the volcano, the magma turns 
into lava, which flows down the side of the 
mountain, where it cools and solidifies into 
igneous rock. 

Magmais nearly half oxygen and just over 
one-quarter silicon, with aluminium, iron, 
calcium, sodium, potassium and magnesium 
making up most of the rest of it. Eruptions take 
place when water is present in the magma and 
sulphur-dioxide and carbon-dioxide bubbles 
form. The pressure increases and the water 

becomes less able to dissolve in the magma, so 
separates. That means there’s an even 
higher concentration of gas bubbles in the 
magma. The magic number for an 
eruption is 75 per cent gas 
content, which is enough to 
force the magma up 
and out. 


impressive spectac'! 


Highest, fastest, hottest, loudes 


The tallest-ever volcano plume measured 45 
kilometres (28 miles), which is the same as five 
Mount Everests. 

Pyroclastic flows are incredibly fast Waves of 
rock fragments and hot gases that can move away 
from the voleano at up to 480 kilometres (300 
miles) per hour. 

The hottest lava comes from volcanoes made up 
of basalt rock and can reach 1,250 degrees Celsius 
(2,282 degrees Fahrenheit). This is pretty 
impressive as Venus, the hottest planet in the solar 
system, only reaches 464 degrees Celsius (867 
fe ltelf--ae-)ae- nel) 

The eruption of Krakatoa in 1883 was recorded at 
180 decibels from 160 kilometres (99 miles) away. 
This is about the same volume as a Space Shuttle 
launch up close. 
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The explosive 
ey eyes sd 


What happens when the 
eee ee (Ren elm Comite (akg 


Explosion 
Eventually the 
magma is able 
to force its way 
out, exploding 
into the air. 


The magic mark 
When the ratio of gas 
to magma is 3:1, the 


pressure becomes too 


Rocks 


oti 


er steele 
~Krakatoa in 1883 


Igneous rock 





much and the magma 
rises rapidly. 





Rising up 


The less dense 


magma wants to rise 
above the rocks, so 
gets pushed up 
inside the volcano. 





makes up the solid 
part of a volcano. 
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Under pressure 


The force from an exploding 
voleano is about 42kg/cm2 


(600psi), which is more 


than ten times the pressure 


ina fully inflated 
mountain-bike tyre. 


Higher ground 
Because the Earth is wider 
around the equator, 
Ecuador's Chimborazo 
volcano is the furthest point 
from the Earth’s centre, 
even though Everest is taller. 


The big one 


The biggest explosion of all 
time is thought to have been 
the Toba supereruption in 
Indonesia, which may have 
started a volcanic winter 
69,000 years ago. 


The biggest one 
We Earthlings aren't the 
only ones to have 
volcanoes. Olympus Mons 
on Mars is a massive 25km 
(15.5mi) high and 624km 
(388mi) across. 


Krakatoa 


One of the most famous 
volcanic eruptions of all 
time was Krakatoa in 1883. 
The explosion could be 
heard over 4,800km 
(3,000mi) away. 


How to create your own 
homemade volcano 


If you’re itching to see something explosive in 
action, try making this home volcano 





Bottleneck 

The rising magma gets 
to the mouth of the 
volcano, which 
narrows, increasing the 
pressure yet further. 












































The mould 

Stand a two-litre bottle on a baking tray and cover it in 
dough (flour, salt, cooking oil and water) or silver foil, 
sloping outward to create the volcano shape. 


Getting gassy 

The carbon dioxide and 
sulphur dioxide quantity 
increases, forming 
gaseous bubbles. 


Magma 

Liquefied rock 
that has been 
heated by the 
Earth's core is 





light and filled 
with gas. 
Water shortage 
As pressure on the 
magma increases, the 
water becomes less 
soluble and escapes 
as vapour. 
The magma 
Pour in some warm water, red food colouring and six 
drops of washing detergent. This will increase the 
Magma pressure inside the bottle when it comes to the eruption. 
chambers 


The liquid is able to 
find little chambers 
to rest in, but that 

increases pressure 
when more arrives. 













Contents 
The magma is made up of 
oxygen, silicon, aluminium, 
iron, calcium, sodium, 
potassium and magnesium. 









The lava 
Pop in two tablespoons of baking soda and finally, slowly 
pour in some vinegar and take a few steps back because 
your homemade volcano is about to blow! 
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“When it comes to demolishing 
buildings, it would take ages to take it 
down piece by piece” 


PLANNED EXPLOSIONS 


A LOOK AT THE EXPLOSIONS WE CREATE ON PURPOSE 


Asa species, we are amazing at taking things that 
occur in nature and adapting them to be useful. 
We've borrowed animals’ camouflaging skills, 
plants’ photosynthesis abilities and the awesome 
power of the explosion is no different. 

We make use of controlled explosions every day 
to help our cars move or get rid of buildings we no 
longer need. Even though gunpowder and 
explosive material can be really dangerous, if 
handled in the right way they can help usin 
fascinating ways. 

When it comes to the behemoth task of 
demolishing buildings, it would take ages to take 
it down piece by piece or knock it down with tools. 
Wrecking balls create so much debris that the 
surrounding area could beat risk. That’s why 
using dynamite to get rid of askyscraper is a better 
idea because it means that we have some kind of 
say in what direction it falls down, rather than 
leaving it to chance as could happen with other 
less precise methods. 

We also wouldn't be able to get anywhere at any 
kind of speed without the propelling power of 
eee KORE E eS RI ILE 
forms the basis of the internal combustion engine, 
which is what most of our cars use. 

Another use is rock blasting. Whether people 
EVecRaeanelMConclmasbceltler- Meme scelo enone keld 
rescue trapped people, rock blasting takes a 
massive amount of effort out of moving tons of 
solid rock from anarea. 

If we take great enough care, explosions can be 
among the most useful things we can take from 
Ta oTRAVoveCeE-TCeLU teed 


Mentos and 
Diet Coke 


Dropping the mint or 
fruit-flavoured sweet into a 
bottle of Diet Coke creates 
a huge eruption of foam. 
This is because the rough 
sweets disturb the liquid 
molecules, creating 
bubbles. The sweetener 
aspartame lessens surface 
tension, so it’s easier for 
the bubbles to shoot 
higher out of the bottle. 
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Preparation 

The team behind the 

demolition will usually create a 

3D computer model of the . 
building to work out where the | § 
dynamite needs to be put so 

the building can fall safely. The 
easiest way to demolish a | 
building is to let it fall to one 

side, but if that’s not possible, » 
they'll need to place explosives § 
so it collapses in on itself. 


ding 
Tiny) Ceca Ce MN) gg 
Three is the magic number. The 
positioning of the explosives is really 
important. You'd think that you’d just drop 
olin Re VATU CcR-1a CaM elect E lee lag 
off, but that could result in the building 
toppling to one side. Explosives are laid 
TiT-C-TmenloM ool acota Peele mY TILE] en el-M lei ae) a) 
higher floors to break up any larger pieces 
of debris as the building falls. This 
approach creates three different 
demolitions, so the whole procedure 
doesn't rely on just one bang! 


First blast 
BT edie Bs) ts 
© Third blast 





Molasses 5 Honey © Crackers y 














The descent 

Another reason why there are three 
explosions is to help it fall more 
uniformly. The removal of a floor 
higher up will make it drop down 
onto the floors below, pushing them 
directly down. If a Jenga tower is 
toppled incorrectly from the base, it 
will fall to the side, but if you whip 
away a layer higher up, it will fall 
straight downward and make for a 
cleaner demolition. 





me 
What's in a demolition? 

The material used in building demolition 
varies but it’s usually dynamite or 
Research Department explosive (RDX). 
It needs a massive charge, so the team 
will use another explosive that will be 
detonated remotely using an electronic 
charge. This small explosion will trigger 
the main explosion, releasing nitrogen 
and carbon-oxide gases at a rate of 
8,230m (27,000ft) per second to blow 
out the building’s support structures. 





Answer: 

Astorage tank in USA was holding nearly 
2.5 million gallons (9.5 million litres) of molasses. It 
suddenly exploded , shaking the nearby ground like 
@ passing train and releasing a mighty flood of 
mok ito the streets. 












The Hollywood 
explosion 


If there’s one thing Hollywood loves, it’san 
explosion. Huge fireballs are particular crowd- 
pleasers, but how are they created? 

The iconic explosion of the Death Star in Star 
Wars - Episode IV was produced by putting a 
camera directly underneath a composition of 
sulphur, potassium nitrate and charcoal. The 
mixture was ignited and the fireball headed 
straight down toward the camera, giving the 
impression ofa huge, outward explosion. 

If you're in Hollywood and don’t want to blow 
up a huge building, you'll use a model. Movies 
like Independence Day useda plaster model of 
the White House to destroy, because plaster 
looks a lot like concrete on screen. 

It’s bad news for film buffs who love a tough 
guy strolling away from a massive explosion: 
unless they've got a starting distance of around 
360 metres (1,181 feet) from where an explosion 
ec bacae Ml tie ear o acc be AUCH Olt nates Kea 
explosive, they're going to end up pretty toasty! 


Blasting rock 


The most important stage in rock blasting is to 
bore a hole into the area you are attempting to 
blow up. This is essentially destroying a rock from 
the inside, usually to gain access to mining 
resources or to rescue people following a rock 
slide. After drilling a hole in the rock, you fill it with 
ammonium nitrate-fuel oil. When detonated, the 
explosion uld expand in all directions. 
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= “Astroparticle physics — the 
science of explaining the very 
large with the very small" 
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The Deep Underground Science and Engineering Lab 
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The answers to our deepest scientific questions are even deeper than you think 


§) Sowhatis DUSEL? It’s the Deep 

Underground Science and 

Engineering Lab which, as far as 

acronyms go, makes it pretty 

7 self-explanatory. The projectis 

currently under consideration by the National 
Science Foundation and if successful will be housed 
at 2,500 metres (8,000 feet) down in an abandoned 
gold mine in South Dakota. The blueprints for DUSEL 
include deep labs for the study of geomicrobiology. 
Here, scientists will examine so-called ‘Dark Life’, 
massive microbial colonies that exist without 
sunlight at temperatures exceeding 100°C. These 
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colonies, which contribute to halfthe Earth's 
biomass, may also be the earliest life on Earth. 

DUSELwillalso include facilities for geoscientists 
and engineers to work hands-on with deep 
subterranean rock formations under massive 
pressure. Their discoveries could lead to better 
earthquake prediction technology, safer sources of 
drinking water as well as effective techniques for 
carbon sequestration. 

There are ten major deep-Earth laboratories 
around the globe, most of them devoted exclusively 
to astroparticle physics - that is the science of 
explaining the very large with the very small. 


Protected from cosmic interference by miles of rock, 
physicists smash atoms in search of elusive dark 
matter and dark energy, the unexplained 
substances that compose over 70 per cent of the 
universe’s mass and energy. 

The main impetus for DUSELis the study of 
extremely rare nuclear physics processes, like 
neutrino scattering, dark matter interactions, and 
neutrinoless double beta decay, which can only 
be studied in the absence of cosmic rays. Find out 
more about one of these experiments and why it 
needs to be conducted so far underground on the 
opposite page. 
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1. Mariana Trench 
Depth: 11,034m (36,200ft) 
Location: Pacific Ocean 

Info: The deepest point in the 
Earth's oceans. 












Physicists at Sanford | 
could identify WIMPS 
using the LUX detector 


The Sanford experiment: 
Hunting for WIMPs 


The key to finding dark 
matter is underground 


Astrophysicists believe that 25 to 30 per cent of 
the known universe is very much ‘unknown’, 
It's composed of a mysterious cosmic glue called 
dark matter, an invisible, atom-less substance 
made of inexplicably massive particles. The 
race to explain dark matter is one of the greatest 
prizes in modern science. 

The physicists at the Sanford Underground 
Laboratory are hot on the trail of one of the 
leading candidates for dark matter, theoretical 
specks called weakly interacting massive 
particles, or WIMPs. At 1,500 metres (5,000 feet) 
below the surface, Sanford scientists are 
building a Large Underground Xenon (LUX) 
detector to spot the first confirmed WIMP inthe 
debris ofan atomic collision. 

The LUX detector, the most sensitive 
equipment ofits kind, isa cylindrical tank filled 
with 65 kilograms of liquid xenon and armed 
with 122 photomultiplier tubes (PMTs) that can 
sense individual photons. If underground 
conditions are ‘quiet’ enough and the detector 
is sensitive enough, Sanford could usher in the 
dawn ofanewscientific age. 


Amodest exterior 


Deep science: 


Every second, your body is bombarded with 
thousands of cosmicrays. These super-charged 
particles from distant solar systems-some as 
oldas the big bang itself- rain down on the 
Earthina continuous ionic storm. 

For astroparticle physicists, who are 
searching for infinitesimally ‘quiet’ signal 
variations in very large experiments, the 
background noise of the cosmicstorm can be 
deafening. The best way to shield their highly 
sensitive equipment from ‘false positive’ 
background signals is to conduct their 
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2. Lake Baikal 
Depth: 1,637m (5,369/t) 
Location: Siberia, Russia 

= Info: This continental rift lake is 
J over a mile straight down. 





experiments 
hundreds or 
thousands of 
metres below 
solid rock. 

Anditworks. Ata 
massive 2,000 metres 
(6,500 feet) underground, only one cosmicray 
particle passes through a square metre of 
surface area every three days. The rate on the 
Earth’s surface is 10,000 per second, or 50 
million times higher. 











3. Kola well 

Depth: 12,261m (40,226ft) 
Location: Kola Peninsula, Russia 
Info: Drilling to learn about the 
Earth's crust since the Seventies. 


/ ve 
EREDY, 
1. SNOLAB 
Location: Canada 
Facts: Buried 2km below the 
surface in a Canadian nickel mine, 
the deepest operational lab in the 
world is devoted to astroparticle 
physics experiments, specifically 
the search for dark matter. It 
famously solved the ‘Solar 
Neutrino Problem’ by proving that 
neutrinos could change ‘flavour’, 
proving the existence of a solar 
neutrino spectrum. 


2. Gran Sasso 
National 
Laboratory 

Location: Italy 

Facts: Protected by 1,400 metres 

of rock, Gran Sasso's three 

separate subterranean labs - 
totalling 180,000 cubic metres 

-specialise in neutrino physics, 

including those produced by 

supernova explosions. The facility, 
located under the town of 

LAauila, Italy, was undamaged in 

the region's 2009 earthquake. 








3. DUSEL 

Location: USA 

Facts: The proposed Deep 
Underground Science and 
Engineering Laboratory (DUSEL) 
at the Homestake Mine in South 
Dakota - 2.5 kilometres (8,000 
feet) at its deepest shaft - would 
be a multidisciplinary lab studying 
dark matter physics, 
geomicrobiology (‘dark life’ 
microbes that live at great 
depths), geothermal processes 
and deep-Earth engineering. 
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“One of energy’s fundamental 
properties is that it cannot be created 
nor destroyed" 


Energy explained 


= 


On an intuitive level, we all know that 
[Z energy is what makes things happen, 

causing the Sun to shine, allowing 
plants to grow, cooking food ona stove or 
making a basketball bounce. Whenever 
something heats up, cools down, moves, grows, 
makes a sound or changes in any way, it uses 
energy. And from taming fire to powering 
smartphones, human civilisation relies on our 
ability to manipulate energy. But pinning down 
exactly what energy is can be tricky. 

Grab a textbook and you'll find energy 
described as ‘the ability to do work’. Work in 
this context is defined as exerting a force onan 
object over a distance. Lifting a cardboard box 
off the ground constitutes work, however 
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continuing to hold it there - although requiring 
effort on your part — is not work. 

When work is done to an object, it gains 
energy. This energy is called kinetic energy if 
it’s associated with the object's motion, as with 
a football speeding through the air after you 
kick it. When you pick up the box it is said to 
have gained potential energy, stored by virtue 
ofits elevation above the ground. Ifyou let go 
(mind your toes!), the box will fall, losing 
potential energy as it loses height, and gaining 
kinetic energy as it picks up speed. 

One of energy’s fundamental properties is 
that it cannot be created nor destroyed, only 
transformed from one type to another. 
Potential energy can turn into kinetic energy 


and vice versa limitless times. Further, 
mechanical, sound, heat, electromagnetic, 
light, chemical and nuclear energy can all be 
converted from one into the other. 

But while you can’t destroy energy, you can 
certainly waste it through inefficiency. When 
you drive a car, for example, chemical energy 
stored in the fuel is converted into first thermal 
energy and then kinetic energy which turns the 
car’s wheels. But not all of the chemical energy 
released from the fuel goes into making the 
vehicle move. Some is converted to heat and 
sound, and some is used to displace air around 
the car -ie air resistance. Once this has 
occurred it’s very hard to turn this wasted 
energy back into something useful. 


AWA ASTM Ame] 6-)e) Wi ene) 





Sunlight Nuclear energy Allin the mind Solar diet High-energy physics 

The solar radiation beaming Splitting just one kilogram (2.2 The brain is the body’s most Fusion in the Sun’s core A proton whizzing around the 
down on our planet from the pounds) of uranium-235 nuclei energy-greedy organ, taking converts mass into energy, Large Hadron Collider has a 

F, A Ss Sun over just one hour carries ina fission reactor releases as up 20 per cent of the energy causing it to lose about 4.3 comparable amount of kinetic 
C / more than enough energy to much energy as over 2 million from your food. This energy billion kilograms (9.5 billion energy to. a mosquito - but 





meet the global population's 
needs for a whole year, 


kilograms (4.4 million pounds) 
of coal in a power plant. 


fuels not only brain function 
but also its maintenance. : 


pounds) every second - still a 
tiny fraction of its total mass. 


this energy is concentrated in 
amuch, much tinier body. 





ENERGY TRIVIA 





@DYOULGAMWP a lightning bolt contains 5 billion joules of energy - enough to cook 100,000 slices of toast 





Energy in a rollercoaster gan 


Find out how a rollercoaster takes potential 
and kinetic energy for a ride 


3. Climbing 
As the cart is pulled up 





4. At the top 
Edging slowly past 
the highest point, the 
rollercoaster train has 
high potential energy 
but low kinetic energy. 


5. Ona roll 













8. Back up 

The rollercoaster carriage slows 
as it climbs the next peak, 
gradually converting kinetic 
energy back into potential. 











the slope, the energy 
provided by the motor 
is stored away as 


As the car whizzes down 
the slope, its potential 
energy rapidly transforms 
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potential energy. 
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2. Setting off 
Approaching the first 
slope, the rollercoaster — 
carriage has very little 
kinetic or gravitational 
potential energy. 
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1. Mass 
The rollercoaster cart's 
mass determines how much 
energy is required to move 
it, as well as how much 
potential energy it can store. 


Einstein’s big idea 
In 1905, Einstein revolutionised physics with a 
jaw-dropping revelation: matter and energy are 
one and the same. This fact is immortalised in the 
world’s most famous equation: E=mc?, Under the 
right conditions, energy can be converted into 
matter and vice versa. This energy comes from the 
ultra-strong bonds holding protons and neutrons 
together in atomic nuclei. The c in the equation 
represents the speed of light - about 1.13 billion 
kilometres (700 million miles) per hour - so even 
an object with tiny mass contains a huge amount 
of energy. If you could turn every atom of a 
paperclip into energy, you would release as much 
energy as the atomic bomb that obliterated 
Hiroshima in 1945. Doing so would, however, 
require extreme temperature and pressure 
conditions that are impossible on Earth. 


Throughout history we have relied on 
different means to get hold of usable energy, 
from early windmills to coal-burning steam 
engines. Today, we consume energy mainly as 
petroleum, natural gas and electricity. We tap 
into the energy stored in the chemical bonds of 
petrol or natural gas by burning these fuels, 
whether inside a boiler or an engine, etc. 

Electricity, on the other hand, is a handy way 
of transporting energy converted from various 
more cumbersome sources into our homes or 
workplaces. A wind turbine, for instance, 
converts kinetic energy, while a nuclear reactor 
exploits the energy locked in atomic nuclei, 
generating first thermal and then electrical 
energy. Once inside our home, electricity can be 
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7. Low point 


6. Wasted energy 
At each stage, some of 

the car’s kinetic energy is 
lost to air resistance or 
dissipated as heat (through 
friction) and sound. 
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At the bottom of the slope, 
the car's potential energy is 
at its minimum while its 


kinetic energy peaks. 


The speed of light in a vacuum: 
ie around 300,000,000m/s 
(983,600,000ft/s). 


= 


Eis energy, which is 
measured in joules. 


m represents mass, 
measured in kilograms. 





used for heating, cooking, lighting and running 
all of our appliances and gadgets. 

Energy is measured in joules (J), with one 
joule being the energy needed to apply a force 
of one newton (N) over one metre (3.2 feet). 

In practice, a variety of different units are 
commonly used to measure energy in its 
multitude of different forms. The chemical 
energy in food is measured in calories - the 
amountit takes to raise the temperature of one 
gram of water by one degree Celsius. Your 
electricity bill, in comparison, measures the 
electrical energy you have used in kilowatt- 
hours (kWh). For some context, one kilowatt- 
hour is enough to run one washing machine 
cycle or watch seven hours of TV. # 


Conservation 
of energy 


One of our universe's most basic principles, the 
law of conservation of energy states that energy 
can be neither created nor destroyed. That is, the 
amount of energy in a closed system is fixed. It 
can, however, be transferred from one object into 
another, and converted from one form to another. 
Although we discuss energy production, you 
can’t create new energy - only convert existing 
energy to a different usable form. A photovoltaic 
panel, for instance, taps into the Sun’s radiant 
energy, converting it to usable electrical energy. 
Likewise, the energy that we use doesn’t 
disappear - it just changes into other forms. 
Switch on your television and the heat, sound 
and light energy emanating from the set 
gradually leak back into the environment. 
Throughout history, numerous inventors have 
attempted to design and build perpetual motion 
machines that would give out more energy than 
was put in, but conservation of energy has made 
such inventions impossible - at least thus far! 
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“Potential energy has its roots in the 
force acting between two objects 
and the distance between them” 














Kinetic 

While sound, light and heat are all * 

forms of kinetic energy, the term kinetic EB Se 

energy can also refer to the motion 

energy of objects on the macro scale —_— 
see Foes a 

- as opposed to invisible vibrations of ¢ 

tiny particles. We therefore use kinetic 

energy to talk about motion energy that r 

we can see - for example, associated 

with a moving car or person. 





























Sound 


Sound energy is all about vibrations. 
Strum a guitar string and it vibrates. 
This motion propagates through the 
air, oscillating the molecules back 
and forth. When the wave reaches 
your ear, your eardrum vibrates in 
turn and your brain interprets the 
sound. We rarely use sound waves 
to do work but rather as a means to 
communicate or entertain. 


Thermal 


Thermal energy is a 
combination of the kinetic 
and potential energy of its 
constituent particles. As 
the water in your kettle 
heats up, its molecules 
vibrate faster and faster 
until it reaches boiling 
point. In a steam engine, 
heat is converted to 
mechanical energy from 
the expansion when water 
is turned into vapour. 








Light (radiant) 


When a piece of wire, for 
example, is heated to a high 
temperature, its atoms vibrate 
so violently that some are 
excited to a high-energy 
electronic state. As they fall 
back to a lower-energy state 


the excess is emitted as 
light (plus heat). The 
radiation’s frequency 

all depends on the 
wire’s temperature. 





The Itaipu hydroelectric dam between Brazil and Paraguay generates 

















Nuclear 


Nuclear energy is stored in the 
nuclei of atoms, where 
protons and neutrons are 
bound together by the strong 
force. Splitting or combining 
nuclei can release vast 
amounts of energy. Nuclear 
fission reactors split uranium 
or plutonium nuclei by 
bombarding them with 

f neutrons, sparking a chain 
reaction which gives off heat. - 
Our Sun, meanwhile, creates 
heat and light thanks to the 
nuclear fusion in its core. 
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Chemical 
: Chemical energy is stored in the chemical bonds which bind 
atoms into molecules and other structures. In other words, it 
takes energy to hold atoms together, but the total amount of 
energy required varies depending on their configuration. Ina 
chemical reaction where the binding energy of the reactants is 
greater than the binding energy of the products, the excess 
energy is released as heat and sometimes light. Burning coal in 
a fireplace or food in your body releases this chemical energy. 


OT a a 
Elastic energy is the 


(++ > 
ES 
potential energy stored 


) when an object’s shape or 
volume is distorted - for 
example, when youjump J » 
ona trampoline. As the 
trampoline returns to its 

original shape, it propels Yl 
you into the air, converting 
potential energy into 
kinetic energy. Not all 
materials have the same 
capacity to store elastic 
energy; a rubber band, for 
instance, can store more 
than a piece of string. 
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more energy than any other facility: over 98TWh. Water flows through 
it at up to 62,000 cubic metres (2.2 million cubic feet) per second. 































Gravitational iz 


Gravitational energy stems from the gravitational field around 
our planet (and other bodies). It arises, for example, when a 
skier rides a ski lift up a mountain slope. The higher the skier 
travels, the more potential energy is stored up. Once they set 
off down the slope, this stored energy is transformed into al 
kinetic energy as they speed up down the slope. 


el 
. 
romagnetic 
Electrical potential energy is stored when electrical charges of 
opposite signs are wrenched apart, or when charges of the 
same sign are forced together. The electrical potential 
generated is experienced as a voltage. Similarly, a rotating 
magnet in a coil induces a voltage in the coil. When the voltage 


is used to generate a current, the electrical potential energy 
can be reconverted into heat, light or mechanical motion. 





Ho 


“The simple act of making a piece of 
toast requires mastery of a large 


number of energy transformations" 
The science > of gravity 





HOW IS ENERGY | Rocket energy explained 


Launching the Space Shuttle required a 


meee a4 3 Dd lot of energy, but where did it all go? 
a 


/ 
; ‘ External tank BE 
Next time you take a hot shower, drive to work or Thelextenial taniccontains 
plug ina laptop, spare a thought for the science 720,000kg (1.6mn Ib) of 
SSE 


that brings energy on demand into your home. liquid oxygen and liquid 
hydrogen propellant to power 
Energy transfers from one form to another ehetseecinalnionaines! 
occur around us all the time, but manipulating 
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Be tuna emer eam et 
undamental to modern life. Different uses At liftoff the shuttle 
require different forms of energy - a fan, for weighs a hefty 2mn kg 
ENC LeL TCE CRs NAR AIC (4.5mn Ib) - the majority 


; F . of this weight is fuel. 
thermal energy is essential for frying eggs. 


The simple act of making a piece of toast 
requires mastery of a large number of energy 
transformations. In all likelihood, the energy 
that powers your toaster started off its journey Combustion 
as coal or gas. First, these fuels are burned, The boosters burn over 
UE Adee econ tna otae ot CeT| 450,000kg (mn Ib) of solid 

A fuel in just two minutes, 
bonds as heat (thermal energy), used to boil before being discarded. 
water. The resulting high-pressured steam 
spins a turbine, connected to a generator which 
(Cova Cdacmaeprlele Comes pron (aetna 
When you switch on your toaster, an electric 
current runs through the toaster’s filaments 2 : 
and the electrical energy is converted into Heat 
dolerite ese amen acr: ttc tbee A lot of energy is 








Aisa NA Mec tety (Oe T OMIM CR ORC CRUE Sy transformed into heat and } 
, » light, with temperatures 
for future use - for example, when charging a Bins HHélenaines ising 


laptop battery or winding up a clock. 71 Hy to 3,315°C (6,000°F). 


Equator 

Rockets launch eastwards 
and usually near the 
equator, taking advantage 
of the extra boost obtained 
from Earth's rotation. 
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Answer: 

A hurricane can release up to 10" joules of 
energy in a day - a million times as much as an 
atom bomb like the one dropped on Hiroshima. 


Though sneezing expels droplets at high speed, 
the eneray involved is tiny by comparison. 





Orbit 

To enter into orbit, the 
shuttle needs to reach 
speeds of 28,000km/h 
(17,500mph). 


Rocket boosters 
Most of the energy 
required for liftoff comes 
from the shuttle's two 
solid fuel rocket boosters. 





Solid fuel 

As this fuel burt 

expels gas at hi 

pressure from a nozzle to 
create thrust, propelling 
the shuttle upwards. 


Total energy 

Every second the shuttle 
launch gobbles up 
approximately 10" joules, 
provided by the chemical 
energy stored in its fuel. 


o 


ss, A dynamo generates 


electricity to power 
the lamp, which 
produces light energy. 


Brakes 

Friction turns motion into 
g heat and sound whenever 

the brakes are applied. 
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Smoke 

Heat energy is released 
into the atmosphere as 
smoke escapes from 
the smokestack. 


Whistle 
When high-pressure steam 
vibrates the air as it passes 


through the whistle, sound 






The potential energy 
in the coal in the 
boiler becomes heat 
energy when burned. 


Sound 

Exhaust leaving the shuttle 
creates vibrations and 
sound volumes up to a 
deafening 220cB. 
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“Nuclear fusion - the process that 
powers the Sun — could one day be 
g source of unlimited clean energy” 





The science of gravity 





Inside the ASDEX Upgrade 
Fusion Reactor (Axially 
Sancta Symmetric Divertor ’ 
el o et oT-t gua CL ELBA 
Pal-ic-m lnm omit ye) 
reactions,is made oF 























Fuelling the future 


Meeting our planet’s growing energy 
needs in a sustainable way is a tough 
challenge. Nuclear fusion - the process 
that powers the Sun - could one day be a 
source of practically unlimited, cheap, 
clean energy on Earth. The challenge, 
however, is creating the intense pressure 
and temperature conditions needed to 
coax hydrogen atoms into fusing and 
releasing some of their nuclear energy. 
Cars of the future may fill up on 
biodiesel, ethanol or vegetable oil, or use 
electricity from a new source: hydrogen 
fuel cells. These combine hydrogen and 
oxygen to form water, exploiting the 
chemical energy released. 
Vi li gett - Energy input of 100 
isua I = | ng : joules or 100% 
-— 8 i 
efficiency . 
No energy transfer can be 
100 per cent efficient. This 
flow diagram illustrates the 
energy transfers at work 
inside an electric motor. With 
an energy input of 100 joules, 
the motor turns 56 joules 
into usable kinetic energy - in 
other words, it has an 
efficiency of 56 per cent. The 
remaining energy is wasted 
as sound and heat. This 
information allows engineers 
to pinpoint which parts of a 


process can be improved to 
make efficiency gains. 











Output of useful 
kinetic energy (%) 


Waste sound energy (%) - ----- --- Waste heat energy (%) 
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1775 1830s 1848 


James Watt patents Building on Michael Faraday’s 
improvements on the work on electromagnetism, 
steam engine, ushering electric generators and 
in the Steam Age. motors are invented. 


Renewables showdown 


See how four major renewable energy sources square up 


Tallis Cn rr cells 
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Iceland’s renewable 
energy jackpot 


A geological stroke of luck allows Iceland to produce 
over 80 per cent of its energy (and 100 per cent of its 
electricity) from renewable sources. Straddling the 
Mid-Atlantic Ridge, a hub of tectonic plate activity, 
Iceland is dotted with over 200 volcanoes and some 
600 hot springs, many of which spew out water at 
scalding temperatures of 250 degrees Celsius (482 
degrees Fahrenheit). Exploiting this heat, geothermal 
energy meets 60 per cent of the country’s energy 
needs. The hot water is used to warm houses, 
swimming pools.and greenhouses directly, while 
geothermal plants also convert heat into 

electricity. Hydropower - made possible by 

the country’s abundant rivers and 

waterfalls - makes up for a further 25 

per cent of Iceland's energy 

requirement. This leaves 15 per cent 

of non-renewable energy, mostly 

used by oil-guzzling transport. 





The first modern oil well is 

drilled in Azerbaijan. By the 

early-1900s it accounts for 
half of global production. 


The US detonates the first 
nuclear bomb, creating a blast 
equal to about 20 kilotons of 
TNT (or 84 terajoules). 


2005 


=| 


The Kyoto Protocol comes 
into force, with 192 parties 
committed to limiting or 


reducing CO, emissions. 


Geothermal 





- 





TeV LY 





Clr eat, 


Ree Na te oe esr ae 








Nikola Tesla 


Learn about the life of the man who invented alternating 
current, and discover why he wasa major player in the 
development of commercial electricity 


Ui 


ee RT) 


hose inspired 
y their work 


Astudentat Columbia 
University, where h 
electrical engineerin, 


SEL Co@ eect y yee Nee mets 


Institute of Electrical 
Engineers, Gano Dunnwas 
heavily influenced by Tesla. 
Writing as hea: (eM KEI 
in his experimentatiot 
lumbia, Dunn stated: 
lasolved the greatest 
problem in electrical 
Canoe tar ke a term 
contactas [Te s 
atthe historic Columbia 
University [and] h 


frequency lecture EVcancrh 


leftan indelible impression 
andaninspiration which 
has influenced my life.” 








Nikola Tesla wasa Serbian- 

American inventor, electrical 

engineer and entrepreneur 
# who, thanks to his wondrous 
displays of the potential applications of 
electricity in the late 19th and early 20th 
centuries, became knownas the ‘Wizard 
of the West’. Today he is most famously 
remembered for his invention of practical 
alternating current (AC) distribution, 
without which the advanced electrical 
supply systems we have today would 
never have been possible. 

Tesla was born inthe small, remote 
village of Smiljan in the now-defunct 
Austrian Empire. Nikola was the fourth of 
five children and, as his family moved to 
the town of Gospicin 1862, he enrolled at 
the Higher Real Gymnasium in Karlovac, 
completing a scheduled four-year course 
injust under three years. Due to his 
obvious academic aptitude, he carried 
his studies further, enrolling atthe 
Austrian Polytechnic in Graz in 1875, 
where he read electrical engineering and 
specialised in the field of the yet-to-be- 
established alternating current. 

It was at the Austrian Polytechnic that 
he became known for his photographic 
memory andalmost synesthesian ability 
to envision anitem upon hearing its 
name inincredibly fine detail. 
Interestingly, Tesla later reported in his 
autobiography that he frequently 
received visions during blinding flashes 
that would provide solutions to 
particular problems he was having. 


2 


After studying he moved to Budapest, 
Hungary, in 1881 to work for the National 
Telephone Company, becoming the chief 
engineer. He later became responsible 
for the operation and maintenance of the 
entire country’s telephone network. After 
this he took up a job at the Continental 
Edison Company in Paris, France (that of 
American inventor Thomas Edison), to 
work on designs to improve their 
electronic equipment and distribution 
systems. According to Tesla’s 
autobiography, it was in Paris that he first 
conceived the induction motor. 

Due to his successes in Paris he was 
moved by Edison to the Edison Machine 
Works company in New York City, USA. 
Tesla was offered the task of completely 
redesigning the company’s existing 
direct current (DC) generators to AC 
versions, something Tesla had already 
spenta long time developing. Reportedly, 
Tesla was offered $50,000 ifhe 
successfully completed this task and, 
upon presenting a new system to Edison, 
inquired about his payment. Edison is 
reported to have broken his word to 
Tesla, insisting that he had been joking. 
Tesla proceeded to leave Edison 
Machine Works - marking the start ofa 
bitter rivalry between Edison and 
himself-and set up his own company, 
Tesla Electric Light and Manufacturing, 
in 1886. The next year he built his first AC 
induction motor and in1888 he 
demonstrated it to the American Institute 
of Electrical Engineers. After this success 








1887 


1856 


Teslais bornin the 


1862 


His family moves to 


1875 


Studies electrical 


1881 


Starts workingat the National 


Produces his first brushless AC induction 
motor, which heshows tothe American 


1882 


Serbianvillage of Gospicand Nikola engineeringattheAustrian | TelephoneCompany, Budapest. Moving to Paris, Institute of Electrical Engineering. He 
Smiljan,whichistoday attendstheHigherReal _Polytechnic,Graz,wherehe | HegoesontobecomeHungary’s France, Nikolaworks alsomakes the first Tesla coil. 
located in Croatia. GymnasiuminKarlovac. _beginshisworkonAC. chief telephone engineer. asan engineer for 
the Continental 
a 9 1880 Edison Company, 1886 
Continuing his education, Tesla where hemakes Tesla forms his own company to 
enrolsat Charles-Ferdinand improvements to producean AC motor. His investors fall 
University in Prague. electricalequipment. outwith him thoughandheleaves. 
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Priest 

Nikola Tesla’s father, Milutin 
Tesla, wasa Serbian Orthodox 
priestin thesmall remote 
village of Smiljan, Croatia. 


Polyglot 

Nikola Tesla was a great 
linguist, speaking Czech, 
English, French, German, 
Hungarian, Italianand Latin. 


Brash 

Despite his great intellect Tesla 
was reported to havea brash 
and eccentric personality, 
often criticising others for their 
weight and dress sense. 


Death 

Atthe time of Tesla’s deathin 
January 1943, hewas working 
onthe development ofa 
teleforce weapon for the US 
War Department. 


Bowie 

Afictionalised version of 
Nikola Tesla was portrayed by 
Eighties pop artist David 
Bowiein the 2006 film 

The Prestige. 


he joined with George Westinghouse, 
owner of the Westinghouse Electric & 
Manufacturing Company, and began 
to develop a polyphase electrical 
transmission system that would 
allow alternating current to be 
distributed over far greater distances 
than Edison’s current DC systems. 
Thanks to the stable backing of 
Westinghouse and Tesla’s in-depth 
knowledge of the field, soon 
alternating current was widely 
accepted as the superior distribution 
system (see ‘The big idea’ boxout). 
Inwhatis nowrememberedas the 
most high-profile and stable of Tesla’s 
ventures, he then moved to Colorado 
Springs, CO, to setup anew 
laboratory. Here from 1899 onwards 
he undertook numerous wireless 
telegraphy experiments that led him 
to the development ofartificial 
lightning, the discovery of the fact 
that the Earth itselfis a conductor, 
the formation of the ‘Tesla effect’ and 


Left: Tesla’s Polyphase alternating current 
} exhibit at the 1893 World Columbian Exposition 


the acquisition ofa number of 
patents regarding the wireless 
transmission of power. 

Despite continuing to make major 
discoveries in physics - leading to 
him being nominated for a Nobel 
Prize three times - Tesla, due to 
financial difficulties, spent the latter 
part ofhis career attempting to 
create charged-particle beam 
weaponry for the United States, who 
had tasked him with creating a 
‘death ray’. He never finished the 
project that he claimed would ‘put an 
end toall war’ and wentinto 
semi-retirement, formulating many 
theoretical projects and ideas that 
never came to fruition. 

Nikola Tesla died on 7 January 1943, 
aged 86, in the New Yorker Hotel suite 
he had lived and worked in for the 
last ten years of his life. Astate 
funeral was attended by over 2,000 
people, including many eminent 
scientists and scholars. 
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Tesla’s most-famous 
innovation explained 
During the 1880s the ‘War of 
Currents’ took place between 
Thomas Edison and Nikola Tesla, 
the latter working for the 
Westinghouse Electric Company. 
For years Edison had expounded 
his own DC lampsand motors, 
and had openly criticised Tesla’s 
ACsystemsas ‘utterly 
impractical’. Edison’s system 
consisted of generating plants 
feeding heavy distribution 
conductors, with consumer loads 
suchas lights and motors relayed 
offthem. This system worked but 
had the severe limitation that all 
generators needed to be located 
within about 1.6 kilometres (one 
mile) of the load. 

However, after years of 
research and the financial 
backing of Westinghouse, Tesla 
created an AC system where a 
transformer was introduced 
between the generators and 
customer loads, allowing power 
to be transmitted at much higher 
voltages and, more crucially, over 
far greater distances. After 
demonstrating the advantages of 
his new AC system, Tesla won the 
war and DC systems were phased 
out over the next century. 


Apublicity shot of Nikola Tesla in his 
Colorado Springs laboratory 
= 
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